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PREFACE. 


If a course in botany is to be made interesting and useful 
the material must be selected from some definite point of 
view and the methods of presenting it must be determined 
from the same point of view. Obviously the general course 
in botany in by far the larger number of colleges and uni- 
versities should be related to liberal education rather than 
to the training of future botanists or to functioning as a 
service course in some of the applied sciences in which botany 
plays a part. If we think of liberal education as the training 
and development that enables human beings to understand 
and enjoy their environment/ and implants in them a desire 
to work with their fellow beings to change that environment 
in the direction of the ideal, we have the point of view from 
which the material may be selected and the method of 
presentation determined in the course in general botany. 

The rnanner in which this viewpoint has been used in this 
book is discussed in the introduction. 

In the preparation of a textbook, the author must neces- 
sarily consult many books and periodicals, and the manu- 
script must have the criticism of many readers. The works 
most frequently consulted in the preparation of this book 
are those listed at the ends of the various chapters. Use 
has also been made of Jeffrey's The Anatomy of Woody Plants. 
The periodicals most frequently consulted are The American 
Journal of Botany, The Botanical Gazette, Ecology, The 
National Geographic Magazine, and Science. 

Manuscript has been read by W. M. Atwood, W. S. Cooper, 
; John Davidson, J. E. Guberlet, E. S. Harrar, Lenallartge, 
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J. W. Hotson, A. H. Hutchinson, Trevor Kincaid, 1). K. 
O’Leary, L. D. Phifer, H. V. Tartar, T. G. Thompson, and 
R. B. Wylie. All of the page proof has been read by W. M. 
Atwood and A. H. Hutchinson, and portions of it by John 
Davidson. 

I have obtained by conversations with riiy colleagues, 
H. K. Benson, T. C. Frye, Rachael Hoffstadt, J. W. Hotsoii, 
H. V. Tartar, T. G. Thompson, and John Weinzirl many 
facts which have been incorporated into my presentation of 
botany in this book. 

My wife has given encouragement and assistance through- 
out the preparation of the manuscript and the reading of 
the proof. The index has been prepared by Charlotte Rigg. 
Raymond Rigg has assisted in reading both manuscript and 
proof. 

The sources of most of the illustrations are stated in the 
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INTRODUCTION. 


This book is written from the viewpoint of the relation of 
botany to liberal education, and it is hoped that the spirit 
of this runs through all the pages. There are certain specific 
ways, however, in which this point of view has been empha- 
sized. These may be stated under ten heads- 

1. Attention is given to the important generalizations of 
the science. Though many facts about plants are interesting 
in themselves, facts are mainly important to the student 
when he is led to see that they help to establish generaliza- 
tions, or that they do not at present fit into any generaliza- 
tions, hence represent important starting-points for further 
progress in understanding our environment. The science of 
botany does not consist of isolated facts about plants, but 
of these facts arranged and related in such a w^ay as to 
bring out general truths or laws, 

2. An account of scientific method as used in the study of 
plants is presented, and emphasis is given to the fact that 
botany is not a finished science and that scientific method 
will be the guide to further progress. 

3. The historical method of approach is used as far as is 
possible within the limits of a textbook. Much interest 
attaches to the ways in which the general laws of plant science 
have originated and the modifications that they have under- 
gone in arriving at their present form. Some of the steps 
in the development of these generalizations are traced, and 
emphasis is given to the viewpoint that generalizations are 
not born mature, but are the result of growth. 

4. The functional viewpoint is emphasized as far as pos- 
sible. Facts about form and structure are interesting mainly 
when correlated with the processes that go on in the plant. 

5. Plants are presented (Part III) from the lowest to the 
highest in order to bring out consistently the idea of evolu- 
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t ionary development. The usual classification is used for 
convenience, but the emphasis is placed on such continuity 
of relationship as is well established and on the possible 
interpretations of the relationships of plants that do not fit 
coinpletely into any interpretation so far suggested. 

6. The general principles of the relation of plants to their 
environment are presented and examples are given to empha- 
size and clarify them. It is believed that an understanding 
of these principles contributes much to the understanding 
of our environment from the economic standpoint and also 
from the standpoint of enjoyment. 

7. The relation of botany to other fields of knowledge is 
discussed. It has been found in several years of experience 
that students enter enthusiastically into the discussion of 
this subject, and the author believes that too little attention 
is usually given to the interrelation of the various fields of 
knowledge in liberal education. 

8. The relation of plants to human welfare is outlined. 
No effort has been made to enumerate large numbers of 
useful or harmful plants, but the effort has been rather to 
state the general ways in which plants are useful or harmful 
to man and cite a few examples. 

9. The discussions start with familiar plants and simple, 
direct methods of examining them as far as possible. Less 
familiar plants and more complicated methods are introduced 
afterward. 

10. Everything is stated in simple and familiar language 
where possible. No effort is made, however, to avoid the 
use of technical terms where they are useful. Nothing is 
to be gained by the introduction of technical terms where the 
ideas can be expressed clearly and directly without them. 
On the other hand, technical terms when clearly defined are 
often useful in avoiding cumbersome phrases in descriptions 
and discussions. 

The best results will undoubtedly be obtained in giving 
botany its proper place in liberal education wLere the 
laboratory work correlates with the general plan set forth 
above. Among the specific ways in w’^hich this can be done 
are the following: 
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1. The choice of common material. Selections may be 
largely made from the familiar plants of gardens, green- 
houses, roadsides, pastures, woodlands and lakes, supple- 
mented by selections of plant parts from the stocks of seeds- 
men, bulb dealers, grocers and fruit dealers. Such plants 
will naturally form the starting-point for the discussion of 
any plants tliat have not been seen by the student but still 
seem desirable to consider in the course. 

2. The use of living material as the starting-point wherever 
possible. Most of the experimental work in the laboratory 
will necessarily be carried on with living material and the 
study of parts and external form is advantageously begun 
with living plants. The study of gross anatomy is readily 
carried on with living material as is also the study of micro- 
scopic anatomy to a considerable extent. It will be found, 
of course, that for certain details of structure properly 
preserved material and prepared slides will save much time 
for both teacher and student. 

3. The exemplification of scientific method and the 
development of the love of truth in the laboratory work. 
The author believes that the methods used in presenting the 
laboratory work should emphasize training in skilful manipu- 
lation of materials, accuracy and freedom from prejudice in 
observation, the immediate and systematic record of data 
and careful thought as to the relation of the data to such 
generalizations as the student may be able to arrive at for 
himself, or as msiy be presented in the textbook or the lecture. 
Above all, the laboratory work should be a training in respect 
for truth, and students should record w^hat their senses 
actually perceive. If sufficient time and attention are given 
by instructors and assistants to the selection and preparation 
of plants for the laboratory work material can usually be 
found that will clearly show the points wanted. At an\' 
rate, what the student actually perceives slunild be the 
starting-point for discussion and interpretation. There 
should, of course, be no temptation offered the student to 
misinterpret his data in any way in order to make them 
conform with what the textbook or the teacher may say. If 
carried on in this spirit the laboratory work will illustrate 
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the steps and the methods by which botany has come to its 
present state as a science. 

4. The use of diagrams instead of detailed drawings where- 
ever possible. It is the belief of the author that the amount 
of time ordinarily spent in making detailed drawings can be 
greatly reduced. In studying structure the relation of parts 
is easily shown in diagrams. Some small portions of the 
structure will need to be drawm in detail, and the relation 
of these to the other parts showm in the diagram can be 
readily indicated. Apparatus used in experiments can be 
showm in diagrams just as effectively as in drawings. 

Field work is desirable in all of the phases of botany. 
Plants are interesting when they are growing actively, but 
many interesting facts that fit into the general scheme of 
plant study may be observed even w^hen they are dormant. 
Field work may be made interesting at any time of year if 
students are encouraged to make their owm observations and 
work out interpretations of the facts observed. 

Many of the methods here enumerated with reference to 
both the textbook and the laboratory work have been used 
to varying extents and in various ways by many teachers; 
the plan here presented is to correlate all of them in helping 
the student to understand and enjoy his environment. 
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THE STRUCTURE OF THE HIGHER PLANTS 
FROM THE FUNCTIONAL VIEWPOINT. 


CHAPTER L 

PLANTS AS LIVING THINGS. 

ORGANS AND THEIR FUNCTIONS. 

Plants are living things and have certain points in common 
with ail other living things. Among the more striking of 
these are: (1) they must have food and water; (2) they 
respond in certain ways to their environment; (3) they have 
some form of reproduction; (4) all excei)t the low^est ones 
have organs suited for the performance of these functions. 

In the main, ordinary green plants make their own food 
from raw materials taken in from the eai’th and air. Some 
of this they use in building up their parts, some they store 
to be utilized in resuming growth after periods of dormancy 
and some they break down and thus release energy which is 
used in growth and in other ways. They take in water 
which is necessary to maintain the form of their softer parts 
such as leaves, and is also necessary in other Avavs for their 
life. 
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Fig. 1.'— Trilliums in forest humus, 
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It is evident that plants respond to such factors in their 
environment as light, temperature and gravity. Stems and 
leaves commonly grow toward light. They do not, however, 
always adjust themselves so as to get the maximum amount 
of light, but they do orient themselves in certain definite 
ways with reference to light. Plants show definite responses 
to temperature, some growing best at rather high tempera- 
tures, and others at lower temperatures. It is readily seen 
that many plants grow erect and that is a response to gravity. 



Fig. 2. — Shepherd’s purse. Leaves* stems, roots, and fruits (pods). 

If plants are to continue to exist, they must, of course, 
reproduce their kind. This reproduction varies from quite 
simple methods involving no specialized parts, to extremely 
complex methods involving highly specialized organs. 

The higher plants (Fig. 2) are composed of parts called 
organs, which are suited by their external form and their 
internal structure to the performance of the various functions 
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that these plants carry on. These organs fall readily into 
two groups— those that are concerned with the work of the 
individual plant, and those that are concerned with the 
production of new individuals. In higher plants the organs 
of the first group are leaves, stems, and roots, and those of 
the second group are flowers, fruits, and seeds. The first 
group are called vegetative organs, and the second reproduc- 
tive organs. 

It is readily seen in examining the external appearance of 
these organs with the unaided eye that they are suited by 
their form for the performance of certain functions, and if we 
make sections of them and examine these with, the unaided 
eye and then with a hand lens and finally with a compound 
microscope we see that their internal structure as well as 
their external form fits them for their work. On looking at 
such leaves as those of a maple tree, a pansy plant, or a 
potato vine, we see that each leaf has a stalk on which is 
borne a rather thin blade which exposes a large amount of 
surface in proportion to its bulk. The form of this blade 
allows the ready penetration of light to its inner parts, and 
when we examine its structure we find that it is such as to 
facilitate the entrance of the oxygen and carbon dioxide from 
the air which are necessary for the work of the leaf, and also 
to permit the return of any excess of these gases to the air. 

The stems of ordinary plants, such as maple trees and 
field corn are fitted by their form and structure to support 
the leaves in a position suitable for their work and to main- 
tain a highway of communication for water and dissolved 
substances between the leaves and the roots. Boots are 
fitted by their form and structure to anchor the plant in the 
soil and to absorb from the soil the water and dissolved sub- 
stances that are used by the plant in its life processes. 

Though new plants are sometimes produced by planting 
pieces cut from the stems or roots or even by placing leaves 
in water or on moist soil, it is evident that the main work 
of leaves, stems, and roots is concerned wuth the welfare of 
the individual plant rather than with the production of new 
plants, and it is for this reason that they are called vegetative 
organs. 
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The above discussion does not by any means contain a 
complete list of the functions of leaves, stems, and roots; it 
is merely the mention of a few of them to bring out the 
general principle that form and structure are related to 
function. The details of the structure and function of these 
organs are given in later chapters. 

Most of the higher plants are reproduced by seeds. The 
forms of the seeds are usually such as to help them to resist 
mechanical injury and in some cases to secure dispersal. 
The rounded form of a sweet-pea seed illustrates the first 
point, and the tuft of hairs on a milkweed seed and the wing 
on a seed of the trumpet creeper, or of a pine, illustrate the 
latter. Since the seed contains the embryo of a new plant, 
provided in some way with a food supply, and its external 
parts are of such a nature as to furnish protection for this 
embryonic plant, it is evident that its structure is correlated 
with its function of reproduction. 

The function of flowers is the production of seeds. Many 
flowers are valued by human beings for their beauty, but 
their function so far as the plant is concerned is reproductive. 
A complete flower is composed of several parts, some of 
which play a very direct part in the production of seeds, 
while others play a less direct part. Pollen grains, familiar 
to us as the yellow powder commonly seen on flowers, and 
small bodies called ovules (Fig. 51), produced in a cavity in 
the base of the central portion of the flower, are essential 
bodies in the production of seeds. A growth from the pollen 
grain must reach the ovule in order to insui*e the production 
of a seed, and the form of the flower and its parts is usually 
related very definitely to this, as is also the structure of the 
parts producing the pollen and the ovules. 

Seeds are contained in fruits (Fig. 64). The word fruit 
is used here in a technical meaning, and a fruit in this sense 
may not be anything that we would popularly call a fruit. 
An apple is called a fruit by both the botanist and the 
fruit dealer; a bean pod is called fruit by the botanist Init 
not by the grocer. In many cases the form of the fruit 
secures the dispersal of the seeds which it contains. Manv^ 
seeds are readily carried by the wind. The winged fruit of 
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the maple (Fig. 65) and the small seeddike fruit erf 
dandelion, with its parachute of hairs (Fig. 54), are familiar 
illustrations. Some fruits, such as those of the Scotch broom, 
break open violently and throw their seeds to considerable 
distances. Many other examples might be cited to illustrate 
the general principle that the form of fruits is often related 
to the dispersal of their seeds. Some fruits, such as those 
of the jimson weed, are fitted to protect their seeds until 
they are fully ripe and then to split open and discharge 
them. The structure of some fruits is such that they are 
suitable for food for birds or other animals and seeds are 
often widely distributed in this way. 

Buds (Fig. 17), by their compact and rounded foiin and 
their somewhat hard covering, are fitted to keep out water 
during their dormant period and to protect themselves against 
mechanical injury. Internally they contain in embryonic 
form the parts that are to develop into a leafy branch or into 
the various parts of the flower. Their form and structure 
combine to guard their tender parts against sudden changes 
of temperature which might kill them, as well as against 
other dangers. 

The above examples are sufficient to illustrate the general 
principle, that the form and structure of reproductive organs, 
like those of vegetative organs, are related to the perfor- 
mance of their functions. This leads naturally to the defi- 
nition of the term organ as a part of a plant suited by its 
form and structure to the performance of some function or 
group of functions. 
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CELLS. 

All plants are composed of cells (Fig. 
4), and the cell is the unit of both 
structure and function. Although very 
large cells occur in a few plants, those 
of the plants that we commonly know 
can be seen only with a compound micro- 
scope. Ordinary living plant cells have 
a somewhat rigid wall within which lie 
the softer parts of the cell. This soft 
interior part consists in a mature vege- 
tative cell of a rather thin layer of pro- 
toplasm lying next to the wall and 
enclosing the vacuole which is a rela- 
tively large cavity containing a watery 
solution called the cell sap. Somewhere 
in every cell there is a denser mass of 
protoplasm, the nucleus (Fig. 3). This 
nucleus may be embedded in the proto- 
plasm, or it may be situated in the 
center of the cell and connected by 
threads of protoplasm to the outer layer 
of that material. 

In ordinary cells of rather soft tissues, 
the cell wall is composed of a substance 
called cellulose. This is composed of 
three chemical elements (carbon, hydro- 
gen, and oxygen), and belongs to the 
class of substances called carbohydrates, 
of which starch is a well-known example. 
In old cells, such as those of wood, where 
the living interior portion of the cell has 
disappeared, the wall is harder and is 
composed largely of a substance called 
lignin, which is chemically different from 
cellulose, though containing the same 
elements. Water penetrates rather 
readily into cell walls composed of either 
cellulose or lignin. In the corky cells 



Fig. S. — Cells from 
a hair of a stamen of 
spiderwort (Tradescan^ 
tia virginica). The 
terminal cell shows cell 
wall, protoplasm, and 
three vacuoles. Each 
of the others shows one 
large vacuole, a large 
nucleus with a nucleo- 
lus, and a layer of pro- 
toplasm lying next to 
the cell wall and con- 
nected with the nucleus 
by thins trands in which 
the direction of the 
circulation is indicated 
by arrows. Highly 
m a g n i fi e d. (PVom 
Schnieil B o t a n i c a 1 
Charts.) 
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occurring at the surface of the bark of trees. (Fig. 2G) the ceHs 
are dead; and their walls consist of a substance called suberiii 
which water does not readily penetrate. 

Some cell walls are infiltrated with coloring matter. The 
wood of the yew tree is red and that of the hemotoxyloii tree 
brownish-red due to the presence of pigments in the cell 
walls, and the heart wood of the Douglas fir has a somewhat 
reddish color for the same reason. Other cells, such as those 
of the scouring rush, contain a good deal of silica which causes 
the tissues to feel rough to the touch. Perforations by which 
the protoplasm is continuous from cell to cell are visible in 
many walls, such as those of the storage tissue of the seed of 
the vegetable ivory palm and of the cortex of the stem of 
some species of mistletoe. 

Protoplasm.— Protoplasm is a somewhat viscous material 
resembling the white of an egg. It is usually colorless or 
grayish-white. Protoplasm is not a single substance, but is 
a mixture of various substances, such as proteins, carbohy- 
drates, and fats, and also contains inorganic salts. In its 
normal condition in the living cell it contains far more 
water than anything else. The physical condition of proto- 
plasm is very important. In the living cell it is in a colloidal 
state. This colloidal state is distinguished from the crystal- 
loidal state. Such substances as gelatin, glue, agar, and the 
white of egg are in the colloidal state, while such substances 
as sugar and common salt are in the cry stalloidal state. In 
a colloidal solution particles are visible with the ultra- 
microscope, while none are visible in a solution of a crystal- 
loid. Another distinction between these two kinds of solu- 
tion is that a crystalloid will diffuse through a parchment 
membrane while a colloid will not. There are two kinds of 
colloidal solutions—those in which solid particles are dis- 
persed in a liquid and those in which liquid particles are 
dispersed in a liquid. The former are called, suspensoids, 
and are illustrated by glue in water, while the latter are 
called emulsoids, and are illustrated by very finely divided 
olive oil in water with some emulsifying agent used to keep 
the particles of oil from separating out. Protoplasm is now 
thought of as a colloid of the emulsoid type, and the proper- 
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ties of protoplasm are best understood by considering it from 
the viewpoint of physical chemistry. This does not mean 
that an extensive knowledge of physical chemistry is neces- 
sary in order to get a general knowledge of protoplasm, but 
rather that a few of the general ideas of this science, such 
as those presented above, furnish the best basis for an 
understanding of the nature of protoplasm, and the part that 
it plays in the functions of the plant. 



Fig. 4. — Cells of a moss leaf, showing cell walls and chloroplasts. (Draw'’E 
by M, WC Phifer.) 

The name protoplast is applied to all of the plant cell 
except the wall, and this name is often used instead of cell 
when we wish to emphasize the cell as a living unit of the 
plant. The outer surface of the protoplast differs in some 
ways from the interior portion and is called the plasma 
membrane. The inner surface of the protoplasm where it 
comes into contact with the vacuole also has some distinguish- 
ing properties, and the term vacuolar membrane is applied 
to it. The portion of the protoplasm not included in the 
nucleus is designated as the endoplasm, and the surface where 
the nucleus and the cytoplasm come into contact is called the 
nuclear membrane. Various bodies known as plastids are 
embedded in the cytoplasm. The green ones (Fig. 4), since 
they contain chlorophyll, are termed chloroplasts, while the 
colorless ones are termed leucoplasts. 

The Nucleus. —The nucleus is visible under the micro- 
scope in many cells without any special treatment (Fig. 3) 
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and in others it may be made visible by staiiiiiig with some 
substance, such as iodine. When a cell divides and forms 
two new cells the nucleus always divides, and thus forms a 
nucleus for each of the new cells. 

A nucleus which is not in the process of division is called 
a resting nucleus. It consists of the nuclear plasma, the 
network of chromatin, a small round body called the nucleo- 
lus, and the nuclear membrane. Nuclear division takes 
place in two ways: (a) Indirect division, which involves the 
formation of bodies called chromosomes from the chromatin 
network; this phenomenon is called mitosis, or karyokinesis. 
(i) Direct division, w^hich does not involve the formation of 
chromosomes; in this kind of division a constriction appears, 
the nucleus separates directly into two portions, and two 
new nuclei are thus formed. 

Indirect division (Fig. 5) is the common method in the 
formation of new cells in vegetative tissues. It is readily 
seen in sections of growing root tips, and also occurs in leaves, 
stems, flowers, seeds and fruits. This phenomenon involves 
a number of visible changes which may be stated separately 
though they do not occur as entirely separate steps but 
overlap somewhat: (1) The formation of chromosomes from 
the chromatin network of the resting nucleus. (2) The 
migration of these to a central plane in the nucleus. (3) 
division of each chromosome by longitudinal splitting into 
two equal parts, called daughter chromosomes. (4) The 
formation of two polar caps in the cytoplasm, one cap situ- 
ated at each pole of the nucleus. (5) The disintegration of 
the nuclear membrane, (6) The formation of spindle fibers, 
some of which (mantle fibers) extend from the poles to the 
chromosomes, while others extend from pole to pole, outside 
the chromosomes. (7) the disappearance of the nucleolus. 
(8) The formation of a central plate. (9) The movement 
of the chromosomes from the central plate to the poles, f 10) 
The disappearance of the chromosomes and the formation 
of a new chromatin network in each daughter nucleus. 
(11) The formation, in the position formerly held by the central 
plate, of a wall separating the two new cells. (12) The 
formation of a new nuclear membrane around each of the 
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Fig. 6. — Indirect (mitotic) nuclear division as seen in cells of an onion- 
root tip. a, young cell completely filled with protoplasm; 6, somewhat 
older cell in which vacuoles appear; c, mature cell with larger vacuoles, but 
with nucleus still unchanged; d, the chromatin forms band-shaped bodies 
(the beginnings of the polar caps are seen in the cytoplasm) ; c, the chromatin 
band has become consolidated and is radiating from the nucleolus; /, the 
chromatin bands show the beginning of longitudinal splitting (the mantle 
fibers appear in the polar caps); the chromatin bands break up by trans- 
verse divisions into chromosomes (the nucleus begins to dissolve ; the mantle 
fibers are strongly developed in the lower portion of the cell) ; h, the chromo- 
somes arrange themselves in the central plane, and form the so-called cell 
plate; longitudinal division of the chromosomes begins; fc, each chromo- 
some splits into two daughter chromosomes; I, the daughter chromosomes 
separate and move toward the poles; m, a somewhat later stage of develop- 
ment; n, the same seen from the pole; o, the chromosomes have reached the 
extreme polar ends; p, the daughter chromosomes begin to merge into the 
new nuclei (the first stages of the newly-formed cell wall are visible) ; the 
fusion of the daughter chromosomes is complete (the young cell wall already 
touches the old cell walls; r-s, the new cells which have resulted from the 
division. (From Schmeil Botanical Charts.) 
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two daughter nuclei. (13) The appearance of a new nucleo- 
lus in each daughter nucleus. (14) The se])aration of the 
two daughter nuclei, and the completion of tlu* wall se|)urat- 
ing the two new cells. 

By this somewhat complicated process, the various stagCvS 
of which are seen in Fig. *5, and are readily observed in 
properly prepared sections of an onion root tip, the chroma- 
tin material of the resting nucleus is equally distributed to 
each of the two daughter nuclei. This is commonly accepted 
as the mechanism by which the characters of parent cells 
are transmitted to the new cells formed. 

Direct division is comparatively rare. It is seen in 
certain cells which serve a nutritive function in the develop- 
ing anthers of flowers, and in this case is not folio w^'ed by the 
formation of a new cell wall, so that the two new nuclei 
both lie within the old wall. It also occurs in the formation 
of new cells in the outer tissues (cortex) of some seed plants 
that live submerged in water, and in the formation of new 
cells in yeasts by the process of budding (see p. 218). 

The General Characters of Some Common Cells.— A knowl- 
edge of the nature of plant cells may be readily obtained by 
examining a few under a compound microscope. If the leaf 
of a common moss (Fig. 4), such as Mnium or other moss 
growing in damp places, is mounted in water on a glass slide 
and covered with a cover-glass the cell walls appear colorless, 
and the numerous green chloroplasts are seen embedded in 
the protoplasm in each cell. The nucleus and the vacuole 
are not apparent in these cells. Some further idea of these 
cells may be obtained by mounting them in a solution of 
common salt instead of water. When placed in this solution 
the chloroplasts are no longer distributed throughout the 
cell, but are drawn together in the center of the cell or at 
one side. Water is drawn out of the protoplast by the salt 
solution, and the protoplast shrinks away from the wall by 
its elasticity, its volume after the withdrawal of water iKit 
being sufficient to fill the whole space within the wall. The 
water is mostly drawn from the vacuole, but possibly some 
is withdrawn from the protoplasm also. The margin of the 
protoplast where it is drawn away from the wall may be 
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readily seen. The phenomenon of the shrinking of the pro- 
toplast so that it draws away from the wall when placed in 
a solution such as common salt is called plasmolysis, and a 
cell ill this condition is said to be plasmolyzed. Cells may 
be plasmolyzed by many other solutions beside common salt. 
Cane sugar and potassium nitrate are commonly used. Any 
crystalloidal solution that does not penetrate the plasma 
membrane will plasmolyze a plant cell if its concentration is 
greater than that of the cell sap. 

Plant cells are of various shapes. Many of the cells of a 
moss leaf show a somewhat six-sided form. This is due to 
the pressure of the surrounding cells in the process of growth. 
Such cells when first formed tend to assume a spherical form, 
unless pressed upon by other cells or otherwise modified by 
the conditions of growth in the leaf. If these round cells 
are of uniform size each cell wdll be pressed upon by six 
other cells during growth. This may be illustrated by plac- 
ing a penny on the table and placing other pennies around it. 
It is seen that six pennies just fill the space around the first 
one and that these six are all in contact. The cells near the 
margin of the leaf are not pressed upon so regularly by other 
cells, and thus assume different forms. The cells in the 
central line of some moss leaves are elongated during growth. 
It must not be forgotten that a cell has three dimensions, 
and that we are considering only two in the above discussion. 
The third dimension of such a cell is made evident by focus- 
ing the microscope on the chloroplasts at the surface of the 
cell, and then gradually changing the focus until these 
become dim and those in the central portions of the cell are 
clearly seen. 

The circulation of protoplasm in a cell may be readily 
seen in a leaf of the common water plant Elodea. If a leaf 
is mounted in water the chloroplasts in at least some of the 
cells will be seen moving. The protoplasm seems to have a 
circular motion around inside of the wall, the chloroplasts 
being carried along in the stream. Protoplasmic streaming 
can also be seen in the cells of the hairs on the stamens of 
spiderwort {TTadescantia) flowers (Fig. 3). 
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Living cells are readily seen also in the hairs of some other 
plants. If a bit of the epidermis from a Petmia leaf is 
stripped off and mounted in water the hair is seen to be com- 
posed of several cells set end-to-end, the hair being only one 
cell wide. The nucleus and the streams of cytoplasm are 
seen in such a cell. 

If an onion is cut in two and one of the thick leaf-like 
portions that compose it is selected from the inner portion, 
a bit of epidermis may be stripped from it and mounted in 
water to show certain features of plant cells. The walls are 
evident here and the nucleus is usually conspicuous. If it 
is not clearly seen it may be made evident by removing the 
cover-glass and adding a drop of iodine. The absence of 
chloroplasts and the presence of other plastids is also seen. 

A piece of bark removed from a small branch of a linden 
(basswood) tree is found to be quite flexible and fairly 
strong, and when it is bent the outer portion breaks much 
more readily than the inner. If a thin section is made 
lengthwise through the inner bark, and examined under the 
microscope, thick-walled, elongated cells, pointed at both 
ends, are vSeen extending lengthwise through it. These cells 
are better seen when the lignin test with phloroglucin and 
hydrochloric acid is applied. This is done by placing the 
tissue on a glass slide in a little water, then adding a drop or 
two of phloroglucin and, after two or three minutes, a drop 
of hydrochloric acid. With this treatment the cells become 
red, indicating that their walls are lignified. If a cross- 
section of this inner bark is made and treated in the same 
way it is seen that these cells occur in groups, and that the 
individual cells are round in cross-section, and have thick 
walls with a small cavity (lumen) within. These are called 
bast cells. They are dead cells, the living protoplast which 
was their essential part when they were young having dis- 
appeared. They give toughness, strength, and flexibility to 
the bark of trees and shrubs. These properties are especially 
marked in the bark of leatherwood, which was used by the 
Indians for thongs, and in the bark of the giant cedar which 
is readily stripped off in long pieces, and is used for temporary 
roofing of shelters in western forests. 
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The Progress of Knowledge Regarding Cells.— Plant cells 
were first seen a little over two and a half centuries ago, 
and for almost a century it has been known that all the parts 
of plants are formed by cells. It was in 1667 that Hooke, 
with his crude microscope, found that cork is composed of 
the structural units which we call cells. The cell wall, of 
course, attracted his attention first, but he also saw what 
he called juices in the cells. He seems to have thought of 
these juices as the real cells and of the walls as separating 
them from one another. Later the wall was thought of as 



Fig. 6.-— Cross-section of collenchyma and epidermis (three cells at top) 
of Bumex petiole. The collenchyma cells show the characteristic thicken- 
ings at the angles. The middle lamella between the walls of adjacent cells 
is shown. (Drawn by M. W. Phifer.) 

the cell and everything inside it as the cell contents. Our 
knowledge of the living protoplast and of the wall which 
encloses it has come with the improvement of the compound 
microscope and the development of technique in its use. 
Much was contributed to this advance by Von Mohl in the 
years from 1830 to about 1860. He was skilled in the polish- 
ing and setting of lenses as well as in the preparation of 
tissues for examination under the microscope. 

The chief difficulty in thinking of all of the parts of the 
plant as originating from cells had been in relation to the 
vessels, and also the latex tubes which are common in many 
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species of plants and contain milky material. Since these 
are continuous tubes of considerable length, and do not 
contain living protoplasm, it was not clear how they could 
be formed from cells. Von Mohl refused to accept conclu- 
sions arrived at on purely philosophical grounds, and made 



Fig, 7. — Longitudinal section of the tissues shown in Fig. 6. Epidermis at 
the right, (Drawn by M. W. Phifer.) 

a careful study of these tubes, and found evidence that they 
were formed from rows of cylindrical cells placed end-to-end, 
the end walls of the cells as well as the living protoplasts 
degenerating and disappearing as the cells became older. 
He thus cleared the way for the acceptance of the idea that 
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all parts of the plant originate from cells, and the old idea 
that plants were composed partly of cellular portions and 
partly of tubular portions came to be viewed in its proper 
relation to Von Mold’s discoveries. In 1835 he described 
the first case of cell division, and we now recognize that all 
of the plant cells that we know come from the division of 
other cells. The origin of the first cells remains a matter of 
speculation. Interesting theories (see p. 324) as to the 
origin of living matter have been suggested, but we have no 
positive knowledge. Von Mohl also investigated the sub- 
stance in the cell with which its properties as a living unit 
of the plant are associated, and gave it the name of proto- 
plasm. The word protoplast was introduced by Hanstein, 
later. Many others contributed to the advance of our 
knowledge of the nature of the cell and the origin of plant 
tissues during Von Mold’s time, but his work stands out 
because of his skill, his patient work, and his refusal to 
accept conclusions not based upon observed facts. We must 
not discredit theory, for the formulation of theories is useful 
in guiding investigations along hopeful lines, and progress is 
rapid when bold thinking is accompanied by careful investi- 
gation of facts. 

THE CELLULAR STRUCTURE OF SOME TISSUES. 

Epidermis. —If a bit of epidermis is stripped from the blade 
of a dahlia leaf and examined under the microscope it is 
seen to be composed mainly of cells containing no chlorophyll. 
Among these are smaller curved or kidney-shaped cells, 
occurring in pairs with their concave faces toward each other. 
A pair of these cells with the opening that they enclose is 
called a stomate (Fig. 13), and the cells themselves are called 
guard cells. The guard cells are distinguished from the 
other epidermal cells not only by their shape but also b\' the 
fact that they contain chloroplasts. There are stomates in 
the epidermis of both the upper and the lower surface of a 
dahlia leaf, but in the laurel leaf the stomates are found on 
the lower surface only. Epidermis is present on many parts 
of plants, particularly while these parts are young. It is 
3 
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also found on many mature organs when the>^ CH)nsist largely 
of soft tissues. It is readily found on the surface of leaves, 
some of the parts of flowers, young steins, and young fruits. 
Stomates provide for the diffusion of gases from the air to 
the interior tissues. Epidermis is a protecti\'e tissue, usu- 
ally one cell in thickness. When steins and other organs 
grow older the epidermis is frequently reiilaced l)y some 
other protective tissue, such as cork. 

Chlorenchyma.—Tlie tissues of a leaf lilade, such as that 
of the house geranium (Fig. 12), may be clearly seen in a 
thin cross-section, mounted in water, and examined under 
the microscope. The colorless epidermis, one cell in thickness, 
is seen at the top and the bottom of tlie section. Between 
these«two the green tissue (chlorenchyma) of the leaf is seen, 
and the chloroplasts are found to be numerous in its cells. 
In many common leaves, such as those of the calla lily and 
the house geranium (Fig. 12), the green cells next to the 
upper epidermis are elongated and stand parallel with their 
ends toward the epidermis. They form a rather compact 
tissue, and the intercellular spaces among them are small. 
Next to the lower epidermis in such a leaf the chlorenchyma 
cells are rounded or irregular in shape and the intercellular 
spaces are large. The tissue formed by such cells is called 
spongy parenchyma, and it gives the spongy character to 
such leaves as those of the calla lily and the beet. Leaves 
of various seed plants differ a good deal in their structure, 
as will be brought out in later chapters. The intention here 
is merely to bring out the nature of chlorenchyma. 

Parenchyma.— If a thin section of the storage parenchyma 
from the interior of a potato tuber is mounted in water and 
examined under the microscope the cells are seen to be full 
of starch grains (Fig. 67). All that can be seen in this tissue 
is the cell walls and the starch grains. If dilute iodine is 
applied to this section the starch grains are colored blue 
while the cell walls remain colorless. This blue color with 
iodine readily distinguishes starch from other substances 
found in the cell. Storage parenchyma containing starch is 
common in plants. It is found in the sweet potato, the tis- 
sues forming the main bulk of the seeds of corn, wheat, and 
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beans, and in the underground stem of the bracken fern. 
Sugar is stored in the tissues of many plant parts, such as 
the roots of beets, carrots, and parsnips, and the fruits of 
peaches and pears. Oil is stored in the soft tissues of the 
castor-bean seed and in the flesh of the olive. Food storage 
is one of the important functions of parenchyma, and other 
foods besides starches, sugar, and oils are commonly stored 
in it. Parenchyma is a soft tissue whose cells are usually 
rather thin-walled and have their three dimensions about the 
same. In storage parenchyma the cell walls are commonly 
composed of cellulose. 

Sclerenchyma.—If a thin cross-section of the stem of corn 
is examined under the microscope the hard outer portion is 
seen to be composed of dead cells with thick walls. If a 
drop or two of phloroglucin is applied to the section, and 
then a drop of hydrochloric acid, the walls of these cells 
become red, and this indicates that they are composed of 
lignin. The part of the cell seen here is the thick lignified 
wall, and the space within it called the lumen. Cells of 
this kind are called sclerenchyma cells, and the tissue that 
they compose is called sclerenchyma. This tissue in the 
corn stem is mechanical, in the sense that it gives support 
to the stem, and it is also protective. It sometimes occurs 
in the interior of soft stems as well as at the surface. The 
underground stem of the bracken fern shows sclerenchyma 
(Fig. 117) at the surface and also in two bands and many 
small strands extending lengthwise through the stem. Cells 
somewhat similar to these frequently occur in small groups 
or even singly in the fleshy or soft parts of plants. Such 
cells are called stone cells. Small groups of them constitute 
the gritty bodies found in the flesh of the pear, and extremely 
large irregularly shaped ones are found in tea leaves and in 
bark (Fig. 36). An easy way to find such cells is to apply 
the lignin test with phloroglucin and hydrochloric acid so 
as to render them conspicuous by their red color.. Stone 
cells forming a continuous hard tissue (sclerenchyma) are 
found in the shell of the walnut. 

Cork— Cork tissue is found as the covering of the bark of 
such woody stems as those of the willow, ash, and other 
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trees (Fig. 20). It is readily seen in cross-sections of the 
bark. In such a section the cells are seen to be rectangular 
in shape and arranged side by side in rows, tlui rows extend- 
ing radially through the cork. The walls of these cells differ 
in composition from those of cells previously discussed. 
They consist of suberin, a substance that is somewhat fatty 
in its nature and does not wet readily with wateM% and corky 
tissue is thus fitted to protect the deeper tissues from the; 
loss of water. Cork tissue, as mentioned liefore, displaces 
the epidermis of perennial stems as they grow older. It is 
also found on the surface of many fiesliy organs, such as tlie 
potato tuber. 

Conductive Tissue.— Conductive tissue in the form of vas- 
cular bundles is seen in a cross-section of the stem of (‘orn 
(Figs. 18 and 19). The individual bundles are easily seen 
with the unaided eye, and when viewed with the inicroseope 
each one is seen to be made up of two general regions. One 
of these regions is characterized by a few large thick-walled 
empty cells, between which are smaller cells without any 
special characters to render them conspicuous. This region 
is termed xylem, and the large, thick-walled cells are called 
vessels. The other region is termed the phloem, and consists 
of regularly arranged, squarish cells with smaller cells, also 
squarish, occurring where the corners of the larger ones come 
together. The larger cells are called sieve cells and the 
smaller ones companion cells. Where the section has hap- 
pened to be cut at the level of the end of a sieve cell the per- 
forated sieve-like membrane forming its end wall may be 
seen. Such cells as are cut across at any other level than the 
end may not show any conspicuous contents. 

In a longitudinal section of this bundle (Fig. 20) the 
vessels are seen as tubes extending lengthwise through the 
stem, and showing walls characterized either by numerous 
pits or by ring-like thickenings on their inner surface. A 
vessel is composed of a row of cylindrical cells arranged end- 
to-end, the living contents and the end walls having dis- 
appeared, so that the side walls form a tube continuous for 
some distance through the stem. The sieve cells are also 
seen, though they are less conspicuous than the vessels. 
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They are smaller than the vessels and their end walls are 
visible. They are arranged end-to-end in rows^ and a row 
of thein constitntes a sieve tube. Sieve tubes are more con- 
spicuous in a longitudinal section of a vascular bundle of 
pumpkin stein (Fig. 20), and the perforated sieve-like 
character of their end walls may be seen, as may also their 
cell contents. 

The vessels of corn may be more clearly recognized in both 
cross- and longitudinal .section by applying the lignin test 
with phlorogliicin and hj^drochloric acid, thus giving them 
a red color. If still more detailed examination of these 
bundles is to be made it is best to use permanent mounts 
prepared by special means and stained so as to bring out the 
various cells. These may be prepared by trained persons 
in the laboratory, or they may be purchased from supply 
houses. 



Fig. S. — Diagrammatic cross-section of Rumex petiole. The boundary 
line represents the epidermis; the stippled areas just beneath it, bands of 
collenchyma; the (drcles, vascular bundles; the remaining portion, paren- 
chyma. (Drawn by E. T. Bodeiiberg.) 

Separate vascular bundles are here deseribed because their 
parts are readily recognized. In perennial woody stems, 
such as those of wdllow and maple, the bundles are not sepa- 
rate, the wood being formed of the xylem, and the phloem 
being contained in the bark, which also contains other tissues. 

Most of the movement of liquids and dissolved substances 
in the higher plants takes place in the vascular bundles. 
Water moves up the stem in the xylem, and there is con- 
siderable movement of diffusible organic materials in the 
sieve tubes and the adjoining parenchyma. It has l)een 
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coiiimoiily believed that the iimiii inoveinei^ of dissolved 
substances upward in the stem is in the xyleiii, but some 
recent work Las tended to indicate that this occurs, at least 
to some extent, in the phloem. 

Growing Tissue.— The growth of the roots and stems of 
such plants as beans and pines in both length and thickness 
takes place in very soft tissue (Fig. 37) whose cells divide 
rapidly and develop into the different cells forming the 
various tissues of the mature organs. Such, a tissue is called 
meristem. Its cells are usually rectangular in form and have 
thin walls. It may be seen in longitudinal sections of stem 
tips or root tips. Here it gives rise, by division and differ- 
entiation of its cells, to the various tissues that do the work 
of these organs. The meristematic tissue by which the 
stems and roots of such woody perennial plants as the maples 
and the lilac grow in thickness year after }'ear is the eainbium. 
Cambium is also present in the vascular bundles of herba- 
ceous stems g.f beans), and all the xylem and phloem, 
except that originating from the meristem of the growing 
tip, is formed by it. It may be seen between the wood and 
the bark in cross-sections of the maple or the ash (Fig. 27) 
and between the xylem and the phloem of the separate vas- 
cular bundles in cross-sections of a pumpkin vine or of a 
young stem of birthwort (Fig, 29). 

Collenchyma.™ Collenchyma (Figs. 6 and 7) is a specialized 
living mechanical tissue common in rapidly growing organs, 
such as herbaceous stems and the petioles of leaves. In the 
petioles of the leaves of the common dock and celery it 
occurs in bands extending lengthwise just under the epi- 
dermis. In a cross-section of a liumex petiole (Fig. 6) it 
appears as grayish-white lens-shaped areas between the 
chlorenchyma and the epidermis. The cells of the collen- 
chyma are greatly thickened at the angles, so that the space 
within the wall, occupied by the living protoplast, is small 
and almost square. Collenchyma is found in the petioles 
of the leaves of sage, and also at the angles of the stem of 
catnip, and in the bark of the cascara tree, though the thick- 
enings of the cells in the latter are not angular. 

Collenchyma shows very few intercellular spaces. In 
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longitudinal section (Fig. 7) its cells are seen to be some- 
what elongated. This tissue differs from sclereiichyma in 
being alive, and thus able to adjust itself to the growth of 
the adjoining tissues. Sclerenchyma consists of dead cells, 
and is the characteristic mechanical tissue of regions that 
are approaching the state of maturity where rapid growth 
ceases. 

Summary. -“-By way of a summary it may be stated that 
plants are composed of organs, organs are composed of tis- 
sues, tissues are composed of cells, and a cell consists essen- 
tially of a nucleated mass of protoplasm, which is the physical 
basis of life. Organs are suited by their form and structure 
for the performance of certain functions, and the cell is the 
unit of both structure and function. 

A list of the tissues discussed in this chapter is given below 
with one or more examples of each. This is not a complete 
list of the kinds of tissues found in plants, for some of these 
are best presented in connection with the more detailed dis- 
cussion of the structure and functions of the various organs 
of different kinds of plants; it is intended merely to give 
emphasis to the idea developed in this chapter that organs 
are composed of tissues. A tissue may have more than one 
function, hence the same tissue in some cases appears in 
the classification under more than one head. 

Classificatiox’ OF Tissues Discussed in This 
Chapter; 

Synthetic tissue 

Storage tissue Parenchyma 
j Xylem 

Conductive tissue j Phloem 

1 Parenchyma 

f Sclerenchyma 
1 Collenchyma 
Mechanical tissue ] Bast 

Stone cells 
Xylem 
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Glassification of Tissues Discussed in This 
CEAVT:Ein—(Co7itinued.) 

[Epidermis 
jCork 

[ Sclerenchyma 

Meristem of stem tips and root tips 
Cambium of woody perennial stems and 
roots and of some separate vascular 
bundles 

Meristematic tissues of leaves and other 
organs. 
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LEAVES. 

Ordinai^y leaves expose green tissue in a comparatively 
thin layer. The position of leaves on plants is usually such 
that light falls advantageously on the surface and the thin- 
ness of the layer of green tissue permits easy penetration of 
light to its cells. The structure of the leaf is such as to 
facilitate the exposure -of green tissues to light and the 
exchange of gases between the leaf and the air. The out- 
standing characters of the leaf are its green color and its 
organization as a surface exposing organ. 

THE PAETS OF THE LEAF. 

Three parts are readily distinguished in many coinmon 
leaves. The blade is the expanded portion, the petiole is 
the stalk on which the blade is supported, and the stipules 
are a pair of organs at the base of the petiole. All of these 
parts are present in some leaves, such as those of the roses 
(Fig. 10), the house geranium, the violets, and many of the 
willows. There are many leaves, however, such as those of 
the lilac, the foxglove, and the rhododendron, that have no 
stipules. There are also some leaves, such as those of 
Solomon’s seal and flax, that have no petioles. The blade 
is the one part that is always present in ordinary leaves, and 
the activities of the leaf center in it. 

The Leaf Blabe. 

The leaf blade consists of soft green tissue exposed in a 
comparatively thin layer held in form by a framework of 
veins, which also function in translocation, and protected by 
a surfece layer of cells called the epidermis. 
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Epidermis.— The epidermis (Fig. 13) protects the blade 
from mechanical injury, excessive loss of water, and excessive 
light. It is one cell in thickness. Its cells are of various 
shapes in the leaves of different plants, but they always fit 
together so as to leave no intercellular openings except at 
the stomates. 



Fig. 9. —Simple leaves. Uiiper row; monocot leaves showing parallel 
venation. Lower row, dicot leaves showing netted venation. Upper left 
(Lilium) , lanceolate with short petiole. Next, ovate-lanceolate with no 
petiole (sessile). Upper right, sessile with cordate base and acuminate 
apex. Lower left {Pyrola), broadly ovate with long petiole. Next (Gaul- 
thcria shallon ) , ovate-oblong with serrulate margin and short petiole. Lower 
right (ivy) ; lobed margin and cordate base. 


Stomates.— A stomate is an opening through the epidermis 
surrounded by two kidney-shaped cells distinguished from 
the other epidermal cells not only by their shape but by the 
fact that they contain chloroplasts. They are placed with 
the concave side toward each other, and thus enclose the 
stomatal opening. The area of the opening between these 
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two cells varies with changes in their shape, and they are 
called guard cells. It is evident that the maximmn size of 
the opening will be reached when each guard cell is semi- 
circular in shape, and that the size of the opening will be 
reduced to zero if they become perfectly straight. The 
changes in the shape of these two cells are due to variations 
in the pressure of the protoplast on the cell wall. This is 
called turgor pressure, and is caused by the entrance of water 
into the protoplasm and vacuole of the cell. Increased 
turgor pressure causes stomates to open, and its decrease 
causes them to begin closing and, finally, to close entirely if 
the decrease continues. The conditions causing the amount 
of water in these cells to vary are discussed in the chapter 
on Physiology. 

The mechanism of the opening and closing of stomates with 
changes in turgor pressure is connected in some cases with 
the shape of the guard cells, and in others with differences in 
the thickness of the different portions of their walls. If the 
guard cells are elliptical in cross-section when not turgid, 
and the w-alls are of uniform thickness, they become circular 
in cross-section w4ien turgid and the stomate opens. A 
common type of thickening is that in which the wall on the 
concave side of the guard cell is thicker than that on the 
convex side. When turgor pressure is high in such a cell it 
becomes curved and the stomate opens. The mechanism 
of this may be illustrated by cementing a thick piece of 
rubber to one side of a piece of thin-w^alled rubber tubing 
and putting gentle water pressure on the tube by attaching 
it to a tap. 

Stomates are very small. If holes are pricked in a piece 
of paper wdth a very fine needle it is found by microscopic 
measurements that the holes are very large in comparison 
with stomatal openings. Stomatal openings are usuallN’' slit- 
like instead of circular. The average size of the stomatal 
openings on the leaf blades of 38 species of common plants 
was found to be 17.7 by 6.7 microns. The micron is xcrVo 
of a millimeter, or about and is the standard 

unit of microscopic measurements. The largest stomatal 
openings (40 by 7 microns) in the 38 species referred to w^'ere 
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found to be ill wheat and the smallest (6 by 3) were found in 

a greenhouse plant 

The leaf blade is a dorsi-ventral structure with usually 
considerable differences between the upper (dorsal) and 
lower (ventral) surfaces. One of these differences is in the 
number of stomates. Usually there are more stoma, tes on the 
under surface of the leaf blade than on the upper, and in 
some leaves there are numerous stomates on the lower surface 
and none at all on the upper. In the leaves of 



Fig. 10. — Simple and nompound leaves. Top, a decply-lobed simple leaf 
of avens with stipules. Left, a lobed, simple leaf of sycamore. Next, a 
lobed leaf of oak. Next, a pinnately compound leaf of vetch with stipules 
and tendril. Right, a compound leaf of rose with stipules. 

Ahutilon, the rubber plant, salal, lilac, cherry and Douglas 
fir the stomates are on the lower surface only. In the sun- 
flower there are about twice as many stomates on the lower 
surface as on the upper, while in the Windsor bean the 
number on the lower surface is only a little larger than on 
the upper. In most leaf blades that have a somewhat 
horizontal position the number of stomates on the lower 
surface is considerably more than on the upper, but on erect 
leaves the number on the two surfaces is commonly about 
the same, Stomates on the lower surface of ordinary leaves 
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are less likely to be clogged by dust and rain than those on 
the upper, and they also allow less rapid loss of water. The 
average number of stomates per square inch on the leaves 
of the 38 species of plants referred to above was about 62,000. 
Stomates are usually scattered over the surface of the leaf 
blade, but in some leaves, such as those of some conifers 
and grasses they are arranged in rows. 


Fig. 11.— Arrangement of leaves. Left, wLorled leaves of bed straw 
(Gali'iwi). Middle, opposite leaves of snowberry (Symj:)honcai'2)08) , 
liight, alternate leaves of evergreen huckleberry {Yaccinium), 

Leaf surfaces that are in contact with water usually have 
no stomates. The submerged leaves of water plants usually 
have no stomates at all, and floating leaves, such as those of 
water lilies have them on the upper surface only. 

Cuticle. —A cuticle layer covers the surface of most of leaf ! 

blades, as it does also many other a&iai portions of plants. ! 

This is a structureless layer of material, waxy in nature, I 

originating from the epidermal cells. It is continuous, inter- • 
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Fig. 12. — Cross-section of a leaf of house geranium, showing epidermis, 
mesophyll, hairs, and a stomate. The upper epidermis is covered with a 
cuticle layer. Two of the hairs are glandular and two are non-glandular. 
The layer of cells next to the upper epidermis constitutes the palisade, 
and the remaining portion of the mesophyll is the spongy parenchyma. 
The darkened circles in the cells represent chloroplasts. (Drawn by M. W. 
Phifer.) 


THE PARTS OF THE LEAF 


47 


nip ted only at the stomates, and protects the leaf against 
excessive loss of water. 

Mesophyll.—The green tissue of leaves is called rnesophyll 
since it is in the middle of the leaf, and is also called chlor- 
enchyma since it is green. The former term applies to the 
green tissue of leaves only, while the latter applies to the 



Fig, 13 . — Surface view of epidermis of leaf of house geranium, showing 
two stomates. Chloroplasts are shown in the guard cells. The narrow 
slit shows the opening of the stomate. The space between this slit and 
the stippled portion of the guard cells shows the portion of the guard cell 
that was not in sharp focus in this view. The nucleus is shown in each 
epidermal cell. (Drawn by M. W. Phifer.) 

green tissue of all plant organs. The rnesophyll of many 
common leaves shows two fairly distinct regions, an upper 
and a lower. The upper portion is composed of elongated 
cells standing with the longer axis perpendicular to the epi- 
dermis and arranged so that the intercellular spaces are 
relative!}" small. This is called palisade tissue. Between 
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Fig. 14. — Diagrammatic cross-section of a pine 
leaf. The dark portion at the surface is the epi- 
dermis. The shaded area Just beneath is the hypo- 
dermis (sclerenchyma) . The unshaded circle is 
the endodermis. The mesophyll lies between the 
hypodermis and the endodermis. The eight circles 
show resin canals. The single vein composed of 
two bundles is shown at the center. The remaining 
portion inside the endodermis represents the trans- 
fusion tissue. The portion between the broken lines 
is shown in detail in Fig. 15. (Drawn by M. W. 
Phifer.) 

this and the lower epidermis the cells are 
more rounded and are often irregular in 
shape so that the intercellular spaces are 
much larger. Such tissue is more yield- 
ing when pressed upon with the fingers, 
and is called spongy parenchyma. The 
large development of it in such leaves as 
those of beets and the calla lily gives 
them their spongy character. Some 
leaves, especially those that stand erect, 
have palisade tissue on both surfaces. 

Beneath each stomate there is msually 
a space called the siibstomatal chamber 
with which the intercellular spaces of the 
mesophyll are in communication, and the 
exchange of the gases, carbon dioxide and 



Fig. 15.— Detail of 
tissues shown between 
the broken lines in Fig. 
14. The stomate at the 
bottom is the charac- 
teristic sunken stomate 
of the pines, the guard 
cells being beneath the 
epidermis. (Drawn by 
M. W. Phifer.) 
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oxygen, between the leaf and the outer air is thus provided 
for and the movement of water vapor from the interior of 
the leaf to the outer air is facilitated by the same mechan- 
ism. The rate of such exchange and movement is, of course, 
regulated by the size of the stomatal openings and by the 
relative abundance of each gas, including water vapor, in 
the interior of the leaf and the outer air. The mesophyll 
of the leaf blade thus consists of moist cells in contact with 
an internal atmosphere which is in communication with the 
outer air through the stomates. 

Water Storage Tissue.— Colorless tissue functioning in 
water storage is present in the leaf blades of some plants. 
In the leaves of Begonia and the rubber plant it occupies 
both sides of the leaf just beneath the epidermis, and the 
mesophyll is a thin layer between two layers of water-storage 
tissue. In this case the water-storage tissue also decreases 
the intensity of the light reaching the chlorenchyma. In the 
leaves of the gum weed the water-storage tissue is in bands 
extending through the mesophyll from the upper surface to 
the lower. 

Veins.— The supporting framework of veins in a leaf blade 
is usually rather evident, especially if the leaf is held between 
the observer and a light. In many leaves the veins are more 
prominent on the under surface than on the upper, and in 
some there is even a slight furrow on the upper surface over 
each vein. The veins of leaf blades are arranged ‘in four 
principal ways. In such leaves as those of the willows and 
wintergreen (Fig. 9) there is a prominent woody mid-rib from 
which the main veins branch off, and each of these veins 
gives off* branches w'hich join and form a network. Such 
leaves are netted-veined, and this kind of venation is seen in 
oaks, the lilac, and the dandelion. Some netted-veined 
leaves have several principal veins from the base, and the 
mid-rib is thus less prominent. 

In such leaves as those of Solomon's seal and the grasses 
(Fig. 58) the veins are rather fine, and extend from the base 
of the blade to its tip without conspicuous branching (Fig. 9). 
In these leaves the mid-rib may not be very prominent. In 
the leaves of the canna and the banana there is a strong mid- 
4 
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nb, and the parallel veins extend from this to the margin 
0 the blade. Where the veins are unbranched and lie 
^ parallel, whether they originate from the base 
ot the blade or from the mid-rib, the venation is called paral- 
il'- wn arrangement of veins (Fig. 119) is that in 
72 ■ they come from a mid-rib, and fork, but their ends 
remain free instead of joining, as in netted-veined leaves, 
touch leaves are called free-veined, and this is the kind of 
enation found m the maiden-hair tree and in many ferns, 
needle leaves^ such as those of the pines (Fig. 14) and the 

1 1 T""’ through the middle 

tip- We thus have four 
J27T ^ y®“^tion: netted-veined, parallel-veined, free- 
veined and smgle-vemed. 

of venation, the veins serve the double 
tunctmn of support and translocation. It is obvious that 
hs spread out in such a thin layer could not maintain 

functin^c mechanical support, and that the 

lunctions of the chlorenchyma could not be carried on with- 

dissolved materials from the 

5 ^ ''i' the leaf blade and 

ot manufactured materials from the leaf blade backward to 

s& tissues of the veins furnish con- 

accompanied by some 
? mT® “°t function in conduction, and 

221 the conifers, also have 

mechanical tissu^ that are not associated with the veins. 

sL^r«? ^ sclerenchyma 

the epidermis, whose thick- 

called ceUs give rigidity to thedeaf. 

conifers there is a 

the vdn h the endodermis, forming a sheath around 

The vpi--n' • ^ from It by some parenchyma tissue. 

Mn/Sos^wt^ vascular bundles 

Wng close together. The ceUs of the endodermis are living 

thickened and usSf; 
qulntlvmnt«-''^?^®f’ sometimes lignified. The cells fre- 
When endrvW mucilage and tannin, 

limitinff Iflvpr K f P^^s^iit m leaves it constitutes a definite 
imiting Id^. er between the vascular region and the mesophyll. 
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Resin Ducts. —Resin ducts extend lengthwise through the 
mesophyll in coniferous leaves. They are circular in cross- 
section (Fig. 15) and are surrounded by two layers of cells. 
They are formed by the separation of the leaf cells during 
their growth and are a part of a rather extensive system 
characteristic of the roots, stems, and leaves of many conifers 
and also found in some angiosperms. 

Petioles. 

The petiole is a stalk supporting the leaf blade and pro- 
viding for the transfer of water and other materials between 
the leaf blade and the stem of the plant. It is covered with 
an epidermis which has stomates, and in general resembles 
the epidermis of the blade. Most petioles contain paren- 
chyma tissue, and in many leaves this is green, especially 
when young. In some mature leaves the petiole is darker 
in color and more woody in structure. Vascular bundles 
continuous with those of the stem and with those in the 
veins of the leaf blade traverse the petiole. The mechanical 
function of support is provided for largely by these bundles, 
but in some petioles, especially those that support large 
blades, some collenchyma tissue is present. In the petiole 
of Rtmex (Fig. 8) the collenchyma is in longitudinal bands 
just under the epidermis. The petiole is absent in some 
leaves, such as those of Solomon’s seal, and in these the veins 
of the blade are direct continuations of the vascular bundles 
of the stem. A leaf having no petiole is called a sessile leaf. 
The leaves of grasses (Fig. 58) do not have a petiole in the 
form of a stalk, but have a basal portion that sheathes the 
stem of the plant, and there is a membranaceous projection 
called the ligule at the junction of the sheath and the blade, 
which prevents rain from running down between the sheath 
and the stem. 

Stipules. 

The stipules of many leaves,, such as those of the sweet 
pea and the willows, are similar to the blades in structure 
and function. In some leaves, however, such as those of 
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the house geranium, the stipules lose their green color and 
become somewhat papery in texture as the leaf becomes 
mature. In the trailing blackberry and some other plants 
the stipules are very slender and bear little resemblance to 
leaf blades. In some plants the stipules are modified into 
rather specialized organs. Those of smilax are modified into 
tendrils which function in climbing, and those of the black 
locust take the form of spines. Stipules may be either 
deciduous or persistent. An example of the former is the 
basswood, in which the stipules fall off as the leaf becomes 
mature, and of the latter is the willow, in which they are 
present on the mature leaf. Stipules may be attached to the 
petiole through almost their entire length, as in the roses, 
or they may be attached by the base only, as in the black- 
berry. In the house geranium the stipules are attached to 
the stem of the plant. 

THE PHYSIOLOGICAL FUNCTIONS OP LEAVES. 

The physiological functions of leaves are the synthesis of 
foods from raw materials; the transformation of these foods 
in digestion and respiration; and the evaporation of water. 
All of these functions are also performed by other parts of 
the plant, and they are discussed in the chapter on The 
Functions of Plants. 

DESCEIPTION OF LEAVES. 

Many descriptive details about leaves are useful mainly 
in the identification and classification of the plants. Among 
these useful descriptive details about leaves are the form of 
the leaf blade and of its base, apex, and margin; whether 
the blade is all in one piece or is composed of separate parts; 
the venation of the blade; the presence or absence of stipules 
and their character when present;* the presence or absence 
of the petiole and its length and its attachment to the blade 
when present; the relation of sessile leaves to the stem; the 
texture, surface, color, odor, and taste of the leaf; the arrange- 
ment of the leaves on the stem; their duration; and their 


DESCRIPTION OF LEAVES 


53 


special modifications of form. Many of these are important 
also in the functions of plants. 

Forms and Kinds.— The more common forms, or oiitlines, 
of simple leaf blades are shown in Fig. 9, and the terms 
used for them are best understood by a study of this figure 
and its legend. If the leaves of common plants are com- 
pared with these figures it will be found that some of them 
are intermediate between the outlines shown. For instance, 
a leaf may resemble both the lanceolate and ovate form, and 
such a leaf may be described by compounding the two terms 
into such terms as lance-ovate or ovate-lanceolate. Various 
combinations of the terms given in the legend of this figure 
may be used in describing leaf blades, and other terms not 
given here may be necessary in some cases. The forms of 
many blades are designated by such terms without using 
special terms for the base and apex, but in some cases the 
base and apex are of such striking character that special 
terms are necessary for them. Such characters and the terms 
used for them are shown in Figs. 9 and 10. The forms of 
margins ’are shown in Fig. 9, and the divisions of margins in 
Fig. 10. A leaf whose blade is all in one piece is called a 
simple leaf, while one whose blade is divided to the mid-rib 
is called compound, and its divisions are called leaflets. All 
of the leaves shown in Fig. 9 are simple, and some compound 
leaves are shown in Fig. 10. The same terms used for 
describing simple leaves are used for describing leaflets. The 
venation of leaves has already been discussed, and is shown 
in Fig. 9. Stipules have also been discussed, and are shown 
in Fig. 10. Vai'ious lengths of petioles are shown in Fig. 9. 

Texture.— The texture of a leaf is often suggested by its 
appearance, but is more evident by feeling it. No special 
term is used for the texture of ordinary leaves, such as those 
of the sweet pea or the lilac. Tough, leathery leaves, such 
as those of some rhododendrons and laurels, are called 
coriaceous. Very thin, pliable, and somewhat transparent 
leaves, such as the submerged leaves of some pondweeds, 
are called membranaceous. Thick, juicy leaves, such as 
those of the house leek and the stonecrop, are called succulent. 
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Surface. —Very striking differences are seen in the character 
of the surface of the leaves of various plants. Smooth leaves 
having no hairs on them are called glabrous. The leaves of 
the dandelion, the lilac, and salal are of this sort. Leaves 
which are covered with fine, soft hairs are called pubescent. 
Leaves such as those of mullein, that are covered with a 
thick coat of entangled hairs, are called woolly. Some 
leaves, such as those of peppermint and belladonna, have 
glandular hairs. If these are very abundant, as in petunia 
and some of the monkey flowers, the leaves are sticky. 

Leaves that have a whitish coating of 
pow^der are called glaucous. The two 
surfaces of the same leaf may be differ- 
ent, as is illustrated by Labrador tea, 
whose leaves are glabrous on the upper 
surface and woolly on the under, and 
by the hemlock tree whose leaves are 
glabrous on the upper surface and 
glaucous on the under. The list of 
special terms for describing the surface 
of leaves is rather long, and these may 
be looked up in a glossary when needed 
in identifying plants. Hairs on the 
surface of leaves probably tend in 
the lower surface of a leaf niany cases to decrease the evaporation 
of wild ginger (Asarum of water, and are thus important from 
mw^iwwy^^^gCDrawn by functional aiid the descriptive 

point of view. 

Color.— Though most leaves are green, there are often 
slight differences in color that are important in description, 
and in some cases the leaves are of some other color than 
green. The leaves of one species of beech are copper-colored, 
and those of the pearly everlasting are whitish. Some leaves, 
such as those of the Boston ivy, are red when young, but 
green when mature, while others, such as those of some 
maples and oaks, are green in summer, but turn red in 
autumn. The causes of leaf coloration are discussed in 
Chapter IX. 
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Odor and Taste. —Tlie odor and taste of some leaves help 
in the identificatioxi of plants. The leaves of the jimsoii 
weed have a heavy narcotic odor, and the leaves of many 
plants of the mustard family have a turnip taste. Many 
common leaves, however, have no characteristic odor or taste. 

Arrangement. —The arrangement of leaves on the stem is 
often of great use in identifying the plant. If there is only 
one leaf in a place the arrangement is called spiral, or alter- 
nate. Common examples of this are the willows and the 
alders. If there are two leaves opposite to each other, as in 
the lilac, the maples, and many mints, the arrangement is 
called opposite. The place W’'here one or more leaves are 
borne on a stem is called a node, and if there are three or 
more leaves at one node, as in the catalpa tree and in bed- 
straw and some lilies, the arrangement is called whorled. 
If leaves are in bunches, as in tamarack and pine trees, they 
are called fascicled. 

Duration.— 'As to the duration, the leaves of shrubs and 
trees are classified as evergreen and deciduous. The ever- 
greens retain their leaves for a year or more, so that there 
are always green leaves present, while deciduous trees and 
shrubs lose their leaves in autumn and their branches are 
bare in the winter. Evergreen trees and shrubs are con- 
veniently grouped as needle-leaved and broad-leaved. 
Examples of the former are the pines and the firs, and of 
the latter are Labrador tea and most rhododendrons and 
laurels. Needle leaves that are evergreen usually stay on 
the trees for several years, while broad leaves that are ever- 
green are, in many plants, shed soon after the new leaves 
appear, although in some species they remain on the plant 
two years or more. Many of the common shrubs and trees 
are deciduous, examples being snowball, lilac, willow^ alder, 
and cottonwood. The fall of the leaf, whether it is ever- 
green or deciduous, is provided for by a corky layer at the 
base of the petiole. The fall of the leaf thus reveals a leaf 
scar (Fig. 17), usually showing the ends of the vascular 
bundles that penetrated the petiole. The character of the 
leaf scar is usually characteristic for each species and is often 
useful in identifying trees in their winter condition. 
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All of the aerial portions of herbaceous plants usually die 
down in winter, though in mild climates the leaves of herba- 
ceous plants, such as those of chickw^eed and cat’s ear, may 
live all winter. 

Modified Leaves.— Many leaves are modified so that they 
have other functions than those of ordinary foliage leaves. 
In some cases modified leaves still perform foliage functions, 
and in other cases the modification is so complete that the 
foliage function is entirely lost. A number of plants have 
their leaves modified in such a way that they function in 
securing insect food though still retaining their green color, 
and thus performing also the functions of ordinary leaves. 
Such plants are common in peat bogs, marshes, and moist 
sandy regions in the United States and Canada and are also 
found in Europe and Asia. One of the commonest of these 
is the sundew, several species of which are especially abund- 
ant in peat bogs. Its leaf blades have large hairs, each with 
a drop of reddish sticky liquid at its end. Insects are 
caught in this liquid, and are pressed down on the surface 
of the leaf by the bending of the hairs. After the digestible 
parts of the insects have been used the hairs again become 
erect. The butterwort is found on moist, mossy rocks in 
northern United States and in Canada and Alaska. Its leaf 
blades are covered on the upper surface with a greasy sub- 
stance, and when insects are caught in this the blade folds 
up on the mid-rib and the insects are digested. 

The leaves of the Venus fly trap catch insects by the quick- 
ness of their closing. The apical portion of each leaf is 
composed of two similar parts, one on each side of the mid- 
rib, each having a row^ of stout hairs around its edge and a 
few sensitive hairs on its upper surface. When an insect 
touches one of these hairs the leaf closes quickly and the 
insect is caught and digested. 

A number of species of plants belonging to three genera 
have pitcher-like cavities formed by a portion of the leaf, 
and are called pitcher plants. Insects entering these pitchers 
are used as food by the plant. One species common in peat 
bogs of northern and eastern United States and eastern 
Canada has its pitchers open at the top and commonly x)artly 
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filled with water. Another species (Fig. 149) abuiidaut in 
peat bogs and bog-like swamps of parts of Oregon and 
California has its pitchers hooded so that rain does not enter. 
The pitcher with the hood over its opening presents a some- 
what grotesque appearance which may be a factor in causing 
insects to enter it. Once in, the smooth sides make it almost 
impossible for them to crawd out. 

Several species of insect-catching plants, knowm as bladder- 
worts, are found in ponds and the shallow margins of lakes in 
many parts of the United States, They have finely divided 
leaves, which bear numerous small bladder-like structures 
functioning as insect traps. Escape of the insects is made 
difficult by inward-projecting hairs or other obstructions. It 
is not definitely known that iuvsects are digested in these 
bladders, but it is known that they are trapped in them. 

Several other modifications of leaves enable them to per- 
form functions other than those of ordinary foliage leaves. 
Some of the leaves of the common barberry have entirely 
lost their leaf-like appearance and have the form of spines. 
In the sweet pea and other plants a portion of the leaf is 
modified into a tendril that enables the plant to climb. 
Clematis is a climbing plant that lays hold of supports by 
the bending of the petiole. The leaves of the water hyacinth 
have an enlarged spongy portion near the base which enables 
the plant to float. vSome leaves, especially those of under- 
ground stems, are reduced to mere fimctionless scales. Ex- 
amples of these are seen on the underground stems of some 
mints, and on both the underground and the aerial stems of 
scouring rushes. In many ferns, such as the bracken and 
the maiden hair, the foliage leaves bear spores on their lower 
surface, and in others, such as the rock brake and the deer 
fern, there are two kinds of leaves, one kind functioning as 
foliage leaves, and the other mainly in spore-bearing. All 
of the parts of flowers are modified leaves, and these are 
discussed in Chapter V. 

Suggestions FOR Further Reaping. 

The books listed under Chapter I. 


CHAPTER ITT. 


STEMS. 

Tpie stem bears leaves and furnishes a channel of com- 
munication between the roots and the leaves. In most of 
our common plants it is above ground and grows somewhat 
erect. Though there are numerous exceptions, a fairly good 
idea of the stem as seen in ordinary plants may be conveyed 
by saying that it is the portion of the plant axis that grows 
in air, is erect, and bears leaves. 

THE ARRANGEMENT OF BUDS, LEAVES, AND 
BRANCHES. 

The leaves of each species are arranged on the stem in a 
definite system, and the place where one or more leaves are 
borne is the node, wdiile the portion between two nodes is an 
internode. The nature of the nodes and internodes often 
gives a characteristic appearance to the stem, and it may be 
regarded as a segmented organ. In some stems the nodes 
are conspicuous because they are thicker than the internodes, 
and they are sometimes rendered even more conspicuous 
because a portion of the internode is sheathed by the base 
of the leaf. Nodes are made conspicuous in this way in 
corn and other plants of the grass family. In many plants 
belonging to the buckwheat family the nodes are conspicu- 
ously swollen and are sheathed by the stipules. Nodes are 
also evident in the stems of bedstraw and some prairie lilies 
because their leaves are borne in whorls. The nodes are also 
clearly seen in maple trees and other plants having opposite 
leaves, but are less evident in plants whose leaves are borne 
singly, as is the case in the willows and the roses. 

Since branches grow from buds, and each bud is in the 
axil of a leaf, the arrangement of the branches is the same 
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as that of the leaves, and the arrangement of the branches 
often gives a characteristic appearance to the stem. The 
three common systems of branching, like the common sys- 



Fig. 17. — A horse-cliestnut twig, showing buds, leaf scars, and lenti eels . 
The limit of each year’s growth is shown by the scar extending around the 
stem. (Drawn by M. W. Phifer.) 

terns of leaf arrangement, are thus spiral, opposite, and 
whorled. The spiral, or alternate, arrangement of branches 
is seen in such trees as willows, alders, apples, and oaks, and 
such shrubs as the roses, and also in many herbs. 
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The opposite arrangement of branches is seen in such trees 
'i as the maples and the dogwoods, and such shrubs as the 

elders, the lilacs, and the high-bush cranberry, and is also 
seen in some of the herbaceous speedwells {Veronica). In 
the maples the opposite branching is evident on the younger 
portions of the trees, but may be less conspicuous on older 
portions because one branch of a pair may fail to develop. 

The opposite arrangement of branches in dogwood trees is 
i also somewhat obscured on older stems and main branches 

partly because some branches fail to develop and partly ; 

because many of the internodes are so short that two or even 
' more pairs of branches are borne close together giving them 

a somewhat whorled appearance. 

i Whorled branching is less common than the other two 

systems. Catalpa trees often have three leaves in a whorl, 

I but because of the failure of some buds to develop the branch- ! 

I ing usually appears to be alternate. Whorled branching is 

® seen in the main branches on the young trunks of some 

species of pine and to some extent in the smaller branches 
on these main ones. Douglas fir also has a tendency to ^ 

whorled branching on the main stem, especially in young 
; trees. This arrangement of branches is conspicuous in the 

monkey-puzzle tree {Araucaria) ^ a South American tree now 
commonly cultivated and often seen on lawns and in botani- 
cal gardens. The whorled arrangement of branches on the 
trunk is quite perfect, but the smaller branches on these i 

main ones are usually opposite. 

GROWTH HABITS OF STEMS. 

Though the stems of most common plants grow in air and 
are known as aerial stems, there are some {e. g., the pond- 
! weeds and waterweeds) that are entirely submerged, and 

1 others, such as those of the common ferns, that grow entirely 

underground. There are also some plants {c. g., Solomon's 
seal) that have a perennial underground stem and an annual 
aerial stem. Though the stems of most of our common plants 
grow erect, there are many that do not. Some stems, such 
as those of the watermelon and the trailing arbutus, lie flat 
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Oil the ground, and there are many gradations between this 
and the erect position. The stems of some blackberries, for 
instance, tend to grow erect but are too weak to stand when 
they grow to any considerable length. The stems of many 
plants climb on the stems of other plants or on supports of 
other kinds. The sw^eet pea and the passion flower climb 
by tendrils, several species of clematis climb by twisting 
their petioles around supports, the ivy and the trumpet 
creeper climb by aerial rootlets, and the morning glory and 
the hop climb by coiling spirally around other stems or 
around supports of other kinds. 

In some trees the terminal bud grows vigorously, and this 
produces a strong central stem, as in the pines and the firs, 
while in other trees, such as the maples and the willows, the 
lateral buds are relatively vigorous and the tree has a diffuse 
form, the branches being more conspicuous than the stem 
in the upper portion of the tree. 

The form of a tree may be changed, however, by shading, 
and maples and some other trees develop strong, straight 
trunks with few’* branches, except at the top, where they grow 
in close stands. Pines and firs produce many branches 
when they gix)w singly, though the central stem still grows 
straight. Shrubs (e. r/., the snowball and the lilac) tend to 
produce several stems from the base. 

STEM TISSUES. 

The difl’erent functions of stems are performed by various 
somewhat specialized tissues. The conduction of water and 
dissolved substances from roots to leaves, and the conduction 
of some of the dissolved foods from leaves to other points in 
the plant, where they are either used or stored, is performed 
largely by the vascular bundles, and these bundles also play 
a large part in the mechanical function of support. Many 
stems also contain other mechanical tissues, such as the 
sclerenchyma common in perennial stems and the collen- 
chyma of both herbaceous and perennial stems. Some store 
considerable quantities of food, and certain tissues, mainly 
parenchyma, function in this way. Parenchyma also func- 
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tions to a certain extent in the conduction of dissolved 
materials. Corky tissues at the surface serve for protection, 
especially against excessive loss of water. The growth of 
stems in both length and thickness takes place from meri- 
stematic tissue. 

MONOCOT STEMS. 

Four classes of plants—monocots, dicots, gymnosperms, 
and ferns— have vascular bundles, and are thus stem-produc- 
ing plants, commonly spoken of as vascular plants, to dis- 
tinguish them from the lower plants, such as mosses, liver- 
worts, and algae, which do not have vascular tissues. The 
word fern as used here includes not only the common ferns, 
but also their relatives, such as the scouring rushes, the club 
mosses, and the quillworts. The essential features of the 
structure of the stems of this group may be shown, however, 
by describing the stems of the common ferns. Since the 
coniferous trees are the most common and abundant of the 
gymnosperms, their stems will be discussed in this chapter 
rather than those of the larger group. 

The structure of monocot stems may be illustrated by 
describing the stem of corn. The outer portion of this stem 
consists of hard sclerenchyma several cells in thickness, cov- 
ered at the outside by an epidermis one cell in thickness. 
The interior is composed of soft parenchyma (the pith) 
traversed lengthwise by vascular bundles. The layer of 
sclerenchyma is a part of the cortex, and the rest of the cortex 
is composed of the parenchyma cells lying next to the scler- 
enehyma. In this stem there is no sharp line between the 
cortex and the vascular cylinder (stele). 

If a cut is made across an internode (Fig. 18) of this stem, 
three regions are easily seen. The hardness of the scleren- 
chyma and the softness of the parenchyma is evident by 
testing them with a dissecting needle or the point of a knife, 
and the vascular bundles are seen as separate dots scattered 
through the parenchyma. In a longitudinal section of the 
internode the sclerenchyma and parenchyma are seen as in 
cross-section, while the vascular bundles appear as fibers, 
extending lengthwise through the stem and may be readily 
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dissected out. These separate vascular bundles have many 
intercommunications, so that one bundle cannot be traced 
throughout the whole length of the stem. This condition is 
especially evident at the nodes, where the intercommunica- 
tions are very numerous. It is the vascular system that is 
continuous through the stem rather than the individual 
bundles. At each node some of the bundles extend into 
the leaf. 



Fig. 18 . — Diagrammatic cross-section of an internode of corn stem. The 
sclerenchyma is shown at the surface. The circles show distribution and 
relative size of the vascular bundles. The remaining portion represents 
parenchyma. (Drawn by M. W. Phifer.) 

In a thin cross-section of an internode of this stem viewed 
under a microscope the cells of the sclerenchyma are seen to 
be thiek-walled, while those of the parenchyma are thin- 
walled and larger. If a phloroglucin solution is applied, 
followed by hydrochloric acid, the walls of the sclerenchyma 
cells become red after a few minutes, while those of the 
parenchyma do not. This indicates that the walls of the 
sclerenchyma cells are lignified, while those of the paren- 
chyma are not. In permanent mounts, where two stains 
have been Used, these two tissues will usually be clearly 
differentiated, not only by the difference in the character 
of the cells but also because they will be of difturent color. 
In the longitudinal section the cells of these two tissues may 
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show slight elongation in the direction of the length of the 
stem, but otherwise their appearance is not conspicuously 
different from that seen in the cross-section. 

The vascular system of stems and roots functions in the 
translocation of w’^ater and dissolved materials. A vascular 
bundle is composed of two regions— the xylem and the 
phloem (Fig. 19). The xylem functions mainly in the con- 
duction of water and dissolved materials from the roots to 
the leaves and growing regions, while the phloem functions 
mainly in the conduction of dissolved organic materials from 
leaves and other regions where foods are formed to regions 
of storage, such as roots and underground stems, and to grow- 
ing points where these materials are being used. Although 
there are many exceptions, the main movement of materials 
in xylem is upward in the stem, while the main movement 
in phloem is downward. 

The xylem in rnonocots is composed mainly of vessels and 
the cells that lie between them. There are some tracheids 
present, but they are less conspicuous than the vessels, and 
they perform comparatively little of the conduction; and 
their function as mechanical fibers is more important. A 
vessel is composed of cells set end-to-end whose living 
material and end walls have disappeared, thus forming a 
tube. These tubes are not continuous through the entire 
length of the stem, and the water in its upward movement 
through the vessels must at many points move through a 
cell wall. A tracheid consists of a single cell whose living 
material has disappeared and whose walls are marked by 
thin places, frequently in the form of round pits, and the 
movement of water from tracheid to tracheid is mainly 
through these pits. In the main, vessels are characteristic 
of monocots and dicots, while tracheids are characteristic of 
gymnosperms and ferns, and will be discussed more fully in 
connection with those stems. 

In a cross-section of a bundle of corn (Fig. 19) seen under 
the microscope the xylem is readily identified by the fact 
that the vessels are large and conspicuous. There are usu- 
ally four vessels— two large ones, a little distance apart, but 
both lying next to the phloem, and two smaller ones in 
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contact with each other and situated a little distance from 
the phloem. There is usually an open “ air space’V next to 
the two small vessels on the side away from the phloem. 
The space within the wall of a dead cell is called the lumen, 
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Fig. 19. — Cross-section of a vascular bundle of corn stem. Three large 
vessels are shown, each with thick wall and large lumen. Just above the 
central one is a smaller vessel, and just below it is an irregular air space. 
The vessels and the cells lying between them (some of which are tracheids) 
constitute the xylem. The phloem lies just above the xylem and consists 
of large sieve tubes with thin, straight walls, and small companion ceils at 
the corners of the sieve tubes. Thick-wailed fiber cells (often termed 
bast) are shown at the outside of the bundle, and outside these are the pith 
parenchyma cells. (Photomicrograph by H. B. Gray.) 
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walled cells lying next to the small vessels between the large 
ones. : 

The phloem (Fig. 19) consists of sieve cells and companion 
cells. The former are larger, and both are somewhat 
squarish in cross-section. They are arranged in a rather 
definite pattern, a companion cell being at each place where 
four sieve cells come together. The material within the cell 
wall usually does not show in the sieve tubes but does show 
in the companion cells. Some of the sieve cells in a cross- 
section may be cut through the end wall, and this wall will 
then appear as a somewhat porous structure closing the cell. 
Sclerenchyma fibers usually lie between the bundle and the 
surrounding parenchyma, enclosing the bundle (Fig. 19). 
The corn bundle is called collateral, since the xylem and 
phloem lie side by side, and is called closed since it has no 
cambium and is thus not capable of secondary thickening. 
Secondary thickening is characteristic of dicots and gymno- 
sperms, and will be discussed in connection with the stems 
of these groups. 

The xylem is conspicuous in longitudinal sections of corn 
stem. The section shown in Fig. 20 is cut in such a \vay 
as to pass through one of the large vessels and one of the 
smaller ones. The portion of a vessel developed from one 
cell is called a vessel segment. One complete segment and 
portions of two others are shown in the larger vessel in this 
figure. Its walls show conspicuous pits, and it is of the kind 
called pitted vessels. The smaller vessel shows conspicuous 
ring-like thickenings and is of the kind termed annular vessels. 

The character of the phloem is not readily seen in longi- 
tudinal sections of corn stems, but is easily seen in sections 
of the stem of pumpkin (a dicot). Sieve tubes are important 
elements in phloem. In the type of sieve tube common in 
monocots and dicots (Fig. 20) the sieve cells have tranverse 
end walls. These walls are perforated, and the cytoplasm 
is continuous from cell to cell thi‘ough these perforations. 
One sieve cell and portions of two adjacent ones are shown 
in Fig. 20. In monocots and dicots the sieve tubes are 
accompanied by companion . cells, and these show nuclei 
while the sieve cells do not. 
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While the stem of corn gives a fahiy good general idea of 
the structure of monocot stems, many monocot stems show 
considerable differences from it. The stems of many mono- 
cot herbs, such as the trilliums, are much softer and weaker, 
and have relatively few bundles and little mechanical tissue. 
In wheat and most of the common grasses the internodes are 



Fig. 20. — The structure of xylem and phloem. Left, a longitudinal section 
through the xylem of a vascular bundle of corn, showing a pitted vessel 
(left) and an annular vessel (right). One row of large parenchyma cells is 
shown at each side of the figure. Some fiber cells (with diagonal end walls) 
are shown next to these parenchyma cells. Eight, longitudinal section 
(semi-diagrammatic) of a sieve tube and companion cells of a pumpkin 
stem. The sieve tube is broad and shows no nuclei. The companion cells 
are narrow and show nuclei. At the top is a longitudinal section, showing 
a sieve plate with its perforations and a section through a companion cell. 
(Drawn by M. W. Phifer.) 


hollow, the bundles are crowded close to the outside, the 
sclerenchyma of the cortex is relatively thick and hard, and 
the stem is thus light but strong. Several perennial woody 
monocot stems, such as those of have cambium and 
show secondary thickening, though this is of a different type 
from that found in dicots. 
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Although the vascular bundles commonly seen in moiiocots 
are collateral, concentric ones are also found. These have 
the xylem surrounding the phloem and are called amphivasal 
to distinguish them from the amphicribral bundles of ferns, 
in which the phloem surrounds the xylem. The collateral 
type is commonly the only one present in annual monocot 
stems, but amphivasal bundles are present in many perennial 
underground monocot stems and in the nodes of many annual 
aerial stems arising from these. Such bundles are charac- 
teristic of the rhizomes of the sweet flag and of both the 
rhizomes and the nodal regions of the aerial stems of many 
grasses and sedges. 



Fig. 21.— Diagrammatic cross-section of a young alder stem, showing 
pith, wood, and bark. Annual rings and wood rays are shown in the wood. 
(Drawn by M. W. Phifer.) 

DICOT STEMS. 

A woody dicot stem, such as that of willow, maple, or 
alder, shows three regions— -pith, wood, and bark. These 
may be readily seen with the unaided eye in either a cross- 
section (Fig. 21 ) or a median longitudinal section. In the 
cross-section the wood is seen to be niade up of annual rings 
with wood rays extending inward from the outer surface of 
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the wood, some continuous to the pith and others extending 
only part of the way to it. Phloem rays are usually found 
in the bark, but it is not easy to see them there without the 
aid of a compound microscope. The annual rings and the 
wood rays can also be made out fairly well in a median 
longitudinal section, cut smooth with a sharp knife. 

The wood is composed of xylem, while the bark of a mature 
stem is composed mainly of phloem. Between the two is the 
cambium (Fig. 27), a meristematic tissue whose cells divide, 
the outer ones differentiating and forming the various tissues 
of the phloem, while the inner ones differentiate and form the 
various cells of the wood. Some of the cambium cells, of 
course, remain meristematic and continue the existence of 
the tissue, while others give rise to the wood and bark. 
The cambium is a thin cylinder of tissue and is seen only 
with the aid of the microscope. 

In a cross-section viewed under the microscope the nature 
of the annual rings is more plainly seen (Fig. 22). The line 
at which each year’s growth ceased and the next year’s 
growth began is plainly marked, and some diff'erences between 
the cells formed in the early part of the season and those 
formed in the latter part can usually be seen. The spring 
cells are usually a little larger than the summer cells and their 
walls a little thinner. 

Vessels are plainly seen in such a section, each one showing 
a thick lignified wall and a large lumen. In some woods, 
such as oak (Fig. 22) the vessels in the spring wood are 
much larger than those in the summer wood. Such wood is 
spoken of as being ring-porous to distinguish it from others 
in which the vessels are more uniformly distributed through 
each annual ring. Vessels are characteristic of most dicots, 
though they are absent in some, even in a few woody ones. 
Some parenchyma is found in the wood of most woody dieotvS. 
Numerous wood rays are seen extending across each annual 
ring, and continuous from one annual ring to another. In 
oak wood (Fig, 22) the ordinary rays are one cell in thickness, 
and occasional larger rays many cells in thickness are seen. 

A small amount of primary xylem is found next to the pith 
in woody dicot stems. This is formed from the meristem in 



Fig. 22.— Photomicrograph of cross-section of oak wood, showing entire 
width of one annual ring and portions of two others. Wood rays extend 
across the annual rings; one large compound one in the middle of the field 
and numerous narrow simple ones elsewhere. The circles (except the very 
minute ones) represent vessels. The very minute circles appearing in bands 
mark the wood parenchyma, each circle representing a cell. The large, 
thin-walled cells around the vessels in the spring wood are tracheids. (Cour- 
tesy U. S. Forest Products Laboratory.) 
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Fig. 23. — Photomicrograph of radial section of oak wood. The large 
open space extending from top to bottom of the figure represents a yessel, 
and other vessels extend part way through the figure. The lines projecting 
slightly into the vessels show the points where the ends of the cells fused in 
forming the vessels. Some tracheids are shown at the top of the figure 
Just at the left of the large vessel. The wood fibers extend in the same 
direction as the vessels, and some parenchyma is shown among them. 
Wood rays extend across the figure at right angles to the wood fibers. 
(Courtesy XJ. S. Forest Products Laboratory.) 
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the stem tip, and does not show the radial arrangement seen 
in the secondary xyiem formed from the cambium. 

A radial section is a longitudinal section cut in a plane 
extending from the circumference directly toward the center 
of the stem. In such a section of a woody dicot stem the 
wood fibers, wood parenchyma, wood rays, and vessels are 
seen. In a radial section of oak wood (Fig. 23) the vessels 
are large and conspicuous, one of them extending entirely 
through the section. The others extend through only a part 
of the section, since it was not cut exactly in line with them. 
Since most of the vessels in this section are cut through the 
center, the markings on their walls are not shown, and each 
vessel appears as a vacant space. An entire vessel segment 
(the portion formed from one cell) of magnolia wood is shown 
in Fig. 25, and it shows the markings on the wall clearly. 

In the radial section the wood rays are seen extending 
across the vessels and wood fibers at a right angle, each ray 
being several cells in height. Much of the wood in a woody 
dicot is made up of wood fibers, which are elongated cells 
extending lengthwise of the stem. These and some paren- 
chyma are seen in the radial section of oak wood (Fig. 23). 

A tangential section is a longitudinal section cut at a right 
angle to the radial section, and is thus cut at a tangent to 
the annual rings. In such a section (Fig. 24) the wood fibers 
and the vessels are cut lengthwise and the wood rays are 
cut crosswise. The vessels and the wood fibers show much 
the same appearance as in the radial section. Oak wood 
shows many small wood rays one cell in thickness and several 
cells in height and occasional enormous rays many cells in 
thickness and height. One of these enormous rays and 
several of the ordinary ones are shown in Fig. 24. 

In the development of wood from the meristem at the 
stem tip the primary W’^ood commonly forms a cylinder at a 
very early stage, but in some stems, such as that of the birth- 
wort (Aristolochia) , shown in Figs. 29 and 30, the first 
bundles are separate and the complete cylinder is formed 
later v^^hen secondary growth forms annual rings. In this 
stem the bundles are separated by bands of parenchvma 
(Fig.30). 
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Fig. 24. — Photomicrograph of tangential section of oak wood. Vessels 
are seen as in the radial section (Fig. 23). Cross-sections of the wood rays 
are seen; a very large compound one extends from top to bottom in the 
middle of the figure, and numerous -simple ones one coll in width are seen 
elsewhere. Wood fibers and parenchyma are seen as in the radial section 
(Fig. 23). (Courtesy U. S. Forest Products Laboratory.) 
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Tlie pith in a mature woody dicot stem is relatively small, 
and is composed of dead parenchyma cells. Old dicot trees 
may become hollow by the decay of the pith 
and the heart wood, while the sap wood 
continues sound. 

Bark.— The bark consists of all of the 
tissues outside of the cambium. It is 
readily stripped off from the younger 
branches of such trees as willows and al- 
ders, and in all common trees and shrubs 
it is distinctly different from the wood in 
texture and general appearance. In woody 
dicots it is composed of sieve tubes, paren- 
chyma, phloem rays, bast, stone cells, and 
cork. Fig. 26 shows a cross-section of the 
bark and a portion of the wood of ash. The 
cork, the stone cells, the phloem rays, and 
the layers of bast are conspicuous in this 
section. The cork forms a thick layer at 
the outside of the bark (the top of this 
figure) and some of the layers of the coi'k 
cambium from which it is formed are also 
seen. One of these is the irregular dark 
line extending nearly across the figure. Cork 
is composed of dead cells whose cell walls 
contain a fat-like constituent which renders 
the tissue impervious to water, and thus 
protects the tissues beneath from excessive 
Fig. 25.—A vessel loss of Water, and also prevents water from 
segment (the portion entering from the surface and thus bring- 
imignoiia in Organisms which would cause decay, 
wood. The pits are It also functions to a Certain extent as a 
elongated and ex- protective mechanical tissue, 
vessel. ^^(pLtomi- Allof the tissues present in old bark except 

erograph by w. M. the cork arise directly or indirectly from the 
Harlow.) cambium which lies between the wood and 

the b ark, but the cork is formed from a special 
meristematic tissue, the cork cambium (phellogen), which 
originates from the cells of the cortex, the epidermis, or the 
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Fig. 26.— -Photomicrograph of bark (at top) and portion of wood of ash. 
The dark bands extending across the figure show the bast of the bark, and 
the phloem rays extend at right angles to these. Three large irregular 
masses of stone cells interrupt the outer bands of best, Cork and cork 
cambium appear at the top of the figure. The thin-walled cells between 
the rows of bast are sieve tubes, companion cells, and phloem parenchyma. 
(Courtesy U. S. Forest Products Laboratory.) 
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phloem. The ordinary cambium is a primary meristem 
since it arises from the meristem at the growing tip of the 
stem, while the cork cambium is a secondary meristem since 
it is formed from tissues other than the apical meristem, 
frequently from the cells of tissues that are more or less 
permanent. Cork cambium, by continued divisions of its 
cells, forms the cork, and since it usually forms cork from its 
inner surface as well as from its outer, it is eventually sloughed 
off and new layers of it are formed farther in. 

Young bark has an epidermis and a cortex formed from 
the meristem at the tip of the stem, and these may increase 
in extent by cell division, but are eventually sloughed off in 
perennial woody plants by the increase in the thickness of 
the stem and the growth of the cork beneath them, so that the 
cork forms the outer layers of the bark. 

Phloem rays are formed from the cambium which lies 
between the wood and bark, and they extend outward into 
the bark. In the bark of some trees and shrubs the phloem 
rays are rather irregular and are plainly seen in only the 
inner portion, but in the ash (Fig. 26) they appear in the 
cross-section as rather regular narrow lines extending from 
the cambium to the cork. The layers of bast in this figure 
are the broader, dark bands extending at right angles to the 
phloem rays. Two conspicuous masses of stone cells are 
shown toward the right side of the figure, just beneath the 
cork and interrupting the layers of bast. Bast cells and 
stone cells are dead cells with thick, lignified walls, and small 
lumen, and their function is mechanical. Bast cells are 
usually elongated in the direction of the length of the stem, 
and are thus more or less fiber-like. The toughness of the 
bark of some plants, such as that of leatherwood, which was 
used for thongs by the Indians, is due to the fibrous character 
of the bast. Stone cells are either somewhat rounded or are 
very irregular in shape, and give hardness rather than 
toughness to bark. Fig. 36 shows a very irregular stone cell 
from the bark of a conifer. 

Crystals are often present in bark as well as in other 
portions of plants. Fig. 28 shows them in the bark of a dicot 
tree. Many of the crystals in plants are composed of cal- 
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Fig. 27.— Active cambium and portion of wood and bark of ash. The 
cambium cells are small, and He side by side in radial rows between the 
wood and the bark. Compare Fig. 26 for the general structure of bark 
and Fig. 22 for the general structure of wood. (Photomicrograph by E. S. 
Harrar.) 
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Fig, 28 .— Crystals in phloem rays in a tangential section of bark of iron wood 
{Ostrya virginiana) . (Photomicrograph by E. S. Harrar.) 
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cium oxalate, but some of them are possibl}^ composed of 
other substances. Calcium oxalate is so slightly soluble in 
water that its presence can have but little influence on the 
metabolism of the plant. Oxalic acid is a poisonous sub- 
stance and is common in plants. Possibly the formation of 
crystals of calcium oxalate is thus a benefit to plants, since 
it is accomplished by the conversion of a poisonous substance 
into a harmless form. 


. „„ ^ ^Ansto Lochia) , show- 

separate vascular bundles. Pith is shown inside the circle of bundles 
cortex without. (Photomicrograph by G. H. Needham.) 


spots called lenticels (Fig. 17) occur on the twigs of 
woody plants. These are areas where the continuity 
of the cork is interrupted by the formation of a mass of 
loosely arranged cells, and gases can diffuse in and out 
through the intercellular spaces thus formed. They usually 
originate under stomates, when the formation of cork begins. 

The outer layers of the bark are commonly shed as the 
stem grows older. This occurs in various ways. In some 
plants it is shed as scales and in others in strips or in other 
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ways. In some birch trees papery layers peel off around the 
the trunk. In some trees, such as the sycamore and the 
madrona, a thin layer of bark is shed each year. 



Fig. 30. — Cross-section of stem of birthwort (Aristolochia) several years 
old, showing annual rings formed by the xylem. Broad rays formed by 
the cambium lie between the portions of the xylem. A thick layer of cork 
lies at the outside of the stem. (Photomicrograph by G. H. Needham.) 

Herbaceous Dicot Stems. —The stems of herbaceous dicots 
differ in some ways from those of woody dicots. Woody 
dicot stems are, of course, perennial, and their cambium 
resumes activity in many successive growing seasons, while 
herbaceous dicot stems are annual, and the activity of the 
cambium is confined to a single season. Stems which are 
ordinarily annual may, however, become somewhat woody 
and endure for more than one season in very mild climates. 
A plant w^hose aerial portions are annual may, as elsewhere 
mentioned, have perennial underground portions. 

It is impossible to state any exact distinctions between 
herbaceous dicot stems and woody ones up to the end of their 
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first year of growth. They are similar in that they may 
retain their epidermis, have a relatively large amount of 
cortex and pith, and have considerable chlorenchyma. In 
some herbaceous stems, however (e. g., buttercups), the vas- 
cular bundles do not form a continuous cylinder, but are 
separated by rather broad bands of parenchyma which are 
continuous with both the pith and the cortex. This is not 
a distinctive feature of herbaceous stems, since such bands 
occur in woody vines, such as Clematis and also in perennial 
stems that are not vines (e. g'., Berheris). This type of 
stem is also seen in the twining shrub, Aristolochia (Figs. 
29 and 30). These bands are continuous from node to node, 
and are thus quite different from the wood rays of such 
stems as alder and oak (Fig. 24). A herbaceous stem (e. g., 
clover) may have separate bundles in the upper portion and 
a woody cylinder in the lower portion. 

We can thus separate two types of dicot stems, one having 
separate vascular bundles with broad bands of parenchyma 
between them, extending from node to node, and the other 
having a cylinder of wood with wood rays which are not 
continuous from one node to another. The first type, how- 
ever, includes many woody vines and some woody perennial 
stems that are not vines. It is generally believed that the 
type with separate bundles has been evolved from the woody 
type by the breaking-up of the vascular cylinder into separate 
portions. 

The bundles of dicots, like those of monocots, have the 
xylem and phloem side by side and are thus collateral. They 
differ from those of the monocots, however, in having cam- 
bium. In the stems of piumpkin and squash and other mem- 
bers of the gourd family the bundles are separate and are of 
the bicollateral type with two phloem strands— one on the 
inner side of the xylem and one on the outer. 

CONIFEEOUS STEMS. 

Coniferous stems, such as those of pines, firs, spruces, 
hemlocks, and cedars are similar to those of woody dicots 
in their gross anatomy, but differ considerably from them 
6 
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in microscopic structure. Coniferous stems (Fig. 31) show 
wood, pith, and bark, just as woody dicots do, and the 
wood shows annual rings and wood rays. 

Coniferous wood, however, differs from dicot wood in 
microscopic structure. Vessels are characteristic of dicot 
stems, but are absent in the secondary wood of coniferous 
stems, and most coniferous wood consists largely of fiber 
tracheids. A tracheid is a single elongated cell, usually 



Fig. 31. — Diagrammatic cross-sectioii of a young Douglas fir stem, show- 
ing pith, wood, and bark. Annual rings and wood rays appear in the wood. 
Resin canals are seen in the bark. The darkened outer portion of the bark 
is the cork. (Drawn by M. W. Phifer.) 

tapering at both ends, and at maturity consists simply of 
the lignified wall and the lumen. In Douglas fir wood 
practically all of the fibers are tracheids, and they are about 
I inch long. In white pine they are about | inch long, and 
in hemlock they are much shorter. The tracheids of conifers 
have bordered pits (Fig. 35) in their walls. In the mature 
wood of many conifers these pits occur only in the tangential 
walls of the tracheids, and are thus seen best in the radial 
section. Bordered pits do occur in dicot and monocot stems, 
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but they are most abundant in coniferous stems and are 
characteristic of them. 

A bordered pit (Fig. 35) consists of a circular opening in 
the wall of the tracheid and a corresponding opening of the 
same size and shape in the wall of the adjacent tracheid, 
with a membrane between the two openings. This mem- 
brane has a thickened disk in its center, opposite the open- 
ings in the tracheid walls, and the tracheid walls around the 
opening flare a little so that they stand out from the mem- 
brane. The flaring walls thus form a circle around the pit 
constituting its border, and the bordered pit thus consists 
of the circular opening and the flaring walls, with the mem- 
brane forming a partition between the two openings. When 
viewed from the side (radial section) under the microscope 
the pit and its border are readily recognized. In a tangential 
section, and also in a cross-section of a coniferous stem, the 
bordered pits are seen in cross-section. The thin portion of 
the membrane lying between the flaring portions of the walls 
is rather readily penetrated by water, and since there are 
many bordered pits in the walls of two adjacent tracheids 
the movement of water through the stem is comparatively 
well provided for. 

Resin canals are quite characteristic of coniferous stems, 
but they are less common in dicot stems. They are, however, 
found in a number of woody dicots (e. g., mahogany). They 
are mostly intercellular spaces formed by the separation of 
the cells during the growth of the stem. In the Douglas 
fir they extend lengthwise through the bark (Fig. 31) and 
the wood (Fig. 32), and occasionally one is found extending 
crosswise of the stem in a wood ray (Fig. 34). They are 
also common in pines, larches, and spruces. 

In some conifers, such as Douglas fir (Fig. 32), yellow pine, 
and others, there is a great difference between the spring 
cells and the summer cells, the former having thin walls 
and large lumen, while the latter have thick walls and small 
lumen. In such cases the grain of the wood is conspicuous. 
In most coniferous stems the wood rays (Fig. 34) are only 
one cell in width, but vary greatly in height. 
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Fig. 32. —Photomicrograph of cross-section of Douglas fir wood, showing 
the full width of two annual rings and portions of two others. The spring 
cells (fiber tracheids) appear at the bottom of each annual ring and the sum- 
mer cells (also fiber tracheids) at the top. Wood rays extend across the 
annual rings. Resin canals are shown in the summer wood of one ring. 
(Courtesy U. S. Forest Products Laboratory.) 
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Fig. 33.— Piiotomicrograpli of radial section of Douglas fir wood. Sum- 
mer cells (fiber tracbeids) are shown at the left, and spring cells (also fiber 
tracheids) of the succeeding annual ring at the right of these. Bordered 
pits (Fig. 35) are shown in the spring tracheids. A resin canal extends 
from top to bottom of the right side of the figure. Wood rays extend 
across the fiber tracheids, (Courtesy tJ, S. Forest Products Laboratory.) 




Fig. 34. — Photomicrograph of tangential section of Douglas fir wood. 
Fiber tracheids extend up and down in the figure. Wood rays, seen in 


cross-section, lie among these. A few fusiform rays, each with a resin canal 
j in its center, are seen toward the right side of the figure. (Courtesy U. S. 

I Forest Products Laboratory.) 
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Fig. 35.— a bordered pit of Douglas fir. Cross-section at left; surface 
view at right, with the corresponding portions indicated by broken lines. 
The cross-hatched portions represent the walls of two adjacent fiber trach- 
eids, and the line between them, the middle lamella. The thickened disk 
(torus) is characteristic of these pits. (Drawn by M. W. Phifer.) 





Fig. 37. — Longitudinal section of the grow 


Fig. 36. — A stone cell from 
hemlock bark. (Photomicrograph 
by E. S. Harrar.) 


ing point of a pine stem, showing meristem. 
The beginning of the formation of primary 
wood is seen near each side of the figure a 
little back from the meristem. (Photomicro- 


graph by W. M. Plarlow.) 
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FERN STEMS. 

The stems of the common ferns are generally underground 
structures; the aerial portion of the plant usually consists 
wholly of one or more leaves. Fern stems have a cortex, 
which is usually rather thick, and a central stele composed 
of vascular bundles variously arranged. The bundles have 
no cambium, and are thus incapable of secondary thickening. 
The structure of fern stems is described in Chapter XVII. 


Fig. 38.“” Rhizome and roots of bine cohosh {Caulophyllum) 


UNDERGROUND STEMS. 

Underground stems are common in monocots, dicots, and 
ferns. They are of three principal kinds— rhizomes, tubers, 
and bulbs. Rhizomes are common in all three groups, but 
tubers are most common in dicots, and bulbs are most com- 
monly formed by monocots. Rhizomes (Fig, 113) are some- 
what elongated, and usually, though not always, have a 
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horizontal position. They may be very slender, as in quack 
grass, or very thick, as in the water lily. Rhizomes are 
characteri.stic of perennial plants, as is illustrated by many 
grasses, sedges, and ferns. A rhizome may produce leaves 
directly, as in the water lilies and the ferns, or it may 
produce an aerial stem bearing leaves, as in Solomon’s seal. 



Fig. 39.— Longitudinal section of an onion bulb. The solid portion at 
the base is the stem. This bears fibrous roots below and thick leaves above. 
The leaves form the main portion of the bulb. The lines indicate the 
boundaries between the leaves. (Drawn by M. W. Phifer.) 

A tuber is a short, relatively thick stem, and is illustrated 
by the potato (Fig. 40). The “eyes’’ of the potato are 
buds, from which new stems arise, and the plant is readily 
propagated by cutting the tuber into pieces, each one of 
w^hich has a bud and enough of the adjoining tissues to supply 
food for the developing plant until it can establish itself. 
The potato is composed largely of storage parenchyma, and 
its cells contain numerous starch grains (Fig. 67). It has 
a thin layer of woody tissue which appears in the cross-section 
as a circle about J inch from the outside (Fig. 40). The part 
outside of this is the cortex, composed of a thick layer of 
parenchyma with several layers of corky cells at the outside. 
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The part inside of the circle is the medulla, and is composed 
of an outer and an inner portion. The latter is somewhat 
more translucent that the former, as may be easily seen by 
cutting a thin slice from a potato and holding it toward a 
light. This greater translucence is probably due to the fact 
that cells contain less starch than those of the outer medulla. r 



Fig. 40. — Diagrammatic cross-section of a potato tuber. A bud is 
indicated at the bottom of the figure, and the dotted line extending out to 
this indicates the circle of xylem. The other portions are mainly paren- 
chyma in which starch (Fig. 67) is stored. (Drawn by E. C. Angst.) 

A bulb is an underground structure or organ whose main 
bulk consists of thickened leaf bases, the stem being short 
and relatively small. It is illustrated by the onion, a vertical 
section of which is shown in Fig, 39. The food in common 
bulbs is stored largely in the thickened leaf bases, and in 
many bulbs, such as that of the onion, the outer leaf bases 
are thin and their function is largely protective. 

"■/buds; , 

Buds (Fig. 17) are the embryonic stage of branches and 
flowers. Some of them produce only the branch, some pro- 
duce only flowers, and some produce both. Most of the 
buds of shrubs and trees are produced in summer, remain 
dormant during the winter, and resume growth in the spring. 
These are called winter buds, and are seen in willows, conifers 
(Fig. 126), lilacs, and many other common woody perennials. 
Such buds are usually protected by scales, and many of them 
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also have a covering of woolly hairs within the scaly cover- 
ing. Willow buds have only one scale, but those of cotton- 
wood, horse chestnut, pines, firs, lilacs, and many other trees 
and shrubs have several. These scales overlap, and in many 
species the joints are made water-tight by the presence of 
resinous or mucilaginous material. Resinous material is 
present in Douglas fir buds and mucilaginous material in 
cottonwood buds. Some woody perennials {e. g., the cas- 
cara tree) have naked buds. In these there is no scaly 
covering of the bud as a whole, but each embryonic leaf is 
folded on its mid-rib and coated with resinous material. 
The embryonic flowers are coated with similar material. 

Among the dangers from which buds are protected are: 
(1) the excessive loss of water by evaporation; (2) sudden 
changes of temperature; (3) mechanical injury; and (4) the 
entrance of organisms that might cause decay. Plants take 
in very little water from the soil during the winter when 
the soil temperature is low, and the cells of the embryonic 
organs of buds would be in danger of death if they should 
lose much water. Buds can endure low temperatures if the 
change from high to low or the reverse is gradual, and the 
protective coverings of winter buds are such as to insure this 
as long as they remain dormant. They are easily killed by 
low temperatures, however, if they have begun development 
and have ruptured their protective covering. The soft tis- 
sues which make up the embryonic leaves and flowers in 
buds might be injured by mechanical contacts if they were 
not protected by a hard covering, though, of course, many 
buds might escape such contacts. Organisms that cause 
decay (see p. 212'i are present almost everywhere, and the 
entrance of these is prevented by the coverings present on 
winter buds. 

Many herbs and some shrubs produce buds in spring and 
summer which develop without a dormant stage, and pro- 
tective coverings are either absent or less complete than 
‘ in winter buds. Illustrations are seen in such herbs as 
trilliums and buttercups and such shrubs as roses. 

SUGGESIIONS POE FURTHER READING. 

The books listed under Chapter I. 


CHAPTER IV. 


ROOTS. 

The root (Figs. 2 and 41) is the portion of the plant axis 
that grows underground and does not bear leaves, and is thus 
contrasted with the stem which grows in the air and does bear 
leaves. The distinction between stems and roots, based on 
the presence of leaves in the former and their absence in the 
latter can generally be relied upon. The leaves of a stem 
may be rudimentary and inconspicuous, but they are always 
present in some form, while roots do not have even rudi- 
mentary leaves. Though there are important exceptions to 
the statement that roots grow in soil and stems grow in air, 
the statement holds quite generally for land plants. Ex- 
amples of plants whose roots grow in some other medium 
than soil are orchids, whose roots will flourish in moist air; 
some ivies whose roots grow in air and assist the plant in 
climbing ; and the duckweed whose roots grow in water. Some 
stems grow in soil and some in water. In the common ferns the 
entire stem is underground, and in the Solomon^s seal the 
perennial portion of the stem is underground, while the annual 
portion is in the air. In many aquatic plants all or a large 
^ portion of the stem grows in water. From the functional 
standpoint the root may be defined as the portion of the 
plant axis that anchors the plant in the soil and enables it to 
absorb water. This statement holds generally for land plants. 

COMPAEISON OF ROOTS AND STEMS. 

A more definite notion of the characters of roots may be 
had by following out the differences between roots and 
stems. The roots of vascular plants are relatively more uni- 
form in structure than the stems of this group. 


Roots i 
of their b 
bv the r< 
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opposite branches, and willow stems have a definite system 
of spiral branching, but the root branches of these plants 
are not arranged on a definite system. Where roots do 
show a system of branching it is not commonly the same as 
that of the stems of the same species. 

The origin of branches in roots (Fig. 43) is also different 
from the origin of branches in stems, being internal in roots 
and external in stems. The branches of a root originate from 
the cells of a relatively permanent tissue (the pericycle), 



Fig. 42. — Root hairs, showing three stages in their development from the 
surface cells of the root. (Drawn by M. W. Phifer.) 

which forms the outer layer of the vascular cylinder (stele), 
and push through the cortex either mechanically or partially 
by the absorption of the cortical cells, while the branches of 
stems originate from the meristematic tissue in growing 
points. This mode of origin is evident in young roots and in 
fleshy roots even when they are old, but is not evident in 
older woody roots, such as those of trees and shrubs, because 
the origin has been obscured by changes due to secondary 
growth. This origin is best seen in young roots by viewing 
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longitudinal sections through the microscope, but in fleshy 
roots, such as those of the parsnip (Fig. 43), it is readily seen 
by merely splitting the root in two with a knife, and may be 
further demonstrated by carefully peeling off the thick cortex 
and leaving the root branches still attached to the pericycle, 
which lies adjacent to the woody tissues. The pericycle of a 
root is not generally characterized as a growing tissue, but 
its cells have the power of passing, in local regions, into a 
meristematic condition, and thus producing new growths, 
while the tissue from which stem branches originate is 
characteristically meristematic. 

The primary vascular tissues of roots show a radial arrange- 
ment in which the bands of phloem alternate with the bands 
of xylem (Fig. 44), while stems have collateral, bicollateral, 
or concentric bundles. Many roots have four bands of xylem 
but the number may be more or less, and no definite number 
can be stated as characteristic. The number of bands of 
phloem is normally the same as of xylem. Secondary growth 
obscures the radial structure of roots so that old woody roots, 
such as those of willows or pines, show much the same struc- 
ture as the stems, except for the absence of pith. 

The absence of pith (Fig. 44) is characteristic of roots, 
while its presence is characteristic of stems (Fig. 31). The 
distinction is readily seen by cutting across the stems and 
roots of such trees as willows and pines with a saw or a 
pocket knife. This character of roots is due to the manner 
in which the xylem develops. The later primary xylem 
(metaxylem) develops toward the center of the root from, the 
first primary xylem (protoxylem), and thus commonly ex- 
tends to the center of the root, while in stems the metaxylem 
develops outwardly from the protox^dem and the parenchyma 
cells within the xylem form the pith. There are, however, 
some roots that have pith. Large, fleshy roots, such as 
those of carrots and parsnips, have a large amount of pith- 
like parenchyma, though some vascular tissues may be found 
in it, and pith is also found in monocot roots, such as those 
of smilax and sweet flag, and in the roots of some dicot 
herbs. The primary xylem of roots always develops toward 
the center, and the presence or absence of pith depends on 
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whether the xylem stops before it reaches the center or 
develops all of the way to the center. 

The root cap is a characteristic structure that has nothing 
corresponding to it in stems. This cap protects the root tip, 



Fig. 43. — Diagrammatic longitudinal section of a parsnip root. The outer 
portion is the thick cortex, and the inner portion is the stele. The central 
portion of the stele is stippled to show a slight difference in appearance. 
The origin of the branches from the surface (pericycle) of the stele is shown. 
The cortex is composed of parenchyma, and much of the interior of the 
stele is composed of the same tissue. (Drawn by E. C. Angst.) 

and its presence correlates with the fact that the growing 
root tip pushes forward through the soil against mechanical 
resistance, while the growing stem tip is usually in the air, 
and meets with no mechanical resistance. 
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The root cap is absent in parasitic roots and in most 
aquatic roots. One of the plants, however, in which root 
caps are readily seen is the water hyacinth (Eichhornia eras-- 
whose roots commonly grow in w-ater, but often 
penetrate into the mud under shallow water. The root cap 
in this plant is often | inch in length, and may be readily 
pulled off with the thumb and finger. 

OEIGIN AND GROWTH OF ROOTS. 

The first root of a seedling originates from the meristematic 
tissue in the seed, and in some seeds several roots originate 
from this tissue. The radish and the dandelion (Fig. 41) are 
examples of the first and rye (Fig. 135) and corn of the second. 
The first root of the radish develops into a tap root, and is a 
part of the permanent root system of the plant, while the 
first roots of wheat form a temporary system which soon dies, 
and is replaced by other roots formed a little farther up the 
stem, just beneath the surface of the soil. 

All roots, of course, grow in length and some in thickness. 
The elongation of roots differs from that of stems in two 
particulars. The first is that the elongating region of a root 
is much shorter than that of the stem of the same species. 
The second is that the cell or tissue from which the root 
grows in length is inside of the root tip, while the corres- 
ponding cell or tissue is at the surface in the stem, and the 
growth resulting in elongation is thus sub-apical in roots, 
while it is apical in stems. In some ferns the elongation 
takes place from a single apical cell, but in seed plants it is 
usually from a group of meristematic cells. In either case 
cells formed toward the tip contribute to the growth of the 
root cap, and serve to renew it, as its outer cells are worn off 
by contact with the soil as the root pushes forward. There 
are some differences of detail in the origin of the root cap, 
but in most cases it originates from the meristematic region. 

Other cells produced by division of the apical cell or the 
meristematic cells gradually differentiate into the various 
tissues of the root. Three regions are early distinguished. 
The outer one develops the epidermis, while the central one 
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marks the region in which the vascular cylinder (stele) will 
develop, and the one between these two marks the region 
in which the cortex will develop. The inner boundary of 
the cortex is usually marked by a definite layer of cells called 
the endodermis, and next to this, at the surface of the stele, 
is a relatively permanent region called the pericycle, from 
which root branches originate. 



Fig. 44.-— Cross-section of young root of pine. The xylem forms the 
center and has four radiating arms with a resin canal at the tip of each. 
The phloem occupies the spaces between the arms of xylem. The xylem 
and phloem make up the stele and outside this is the cortex. (Photo- 
micrograph by H. P. Brown.) 

In roots which have secondary thickening the cambium 
originates as separate strands, one adjacent to each band of 
phloem on the side toward the center. By division of these 
cambium cells the secondary xylem and phloem are pro- 
duced and gradually the bands of cambium are extended 
laterally, so that they soon form a cylinder. After this 
stage the structure of a root' having secondary growth ^ 
approaches that of the stem, and in old woody roots the!] 
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two members are strikingly alike, except that the root shows 
no pith and its bark is thinner, due to decay of its older por- 
tions in the moist soil. The wood of such a root will show 
annual rings and wood rays, and cork will be formed from 
cork cambium. 

Since the structure of a root is different from that of a 
stem, there will, of course, be a transition region between the 
two, but this region is usually short. It is usually more 
evident in young plants than in older ones, and in perennial 
plants a few years old it is not conspicuous by either external 
appearance or internal structure. 

FUNCTIONS, FORM, AND STRUCTURE OF ROOTS. 

\ The principal functions of roots are anchorage, absorption, 
conduction, and storage, and these functions are readily 
|correlated with form and structure. Practically all roots 
perform the first three, while the last is emphasized in only 
certain kinds of roots. The form and structure of a root 
system is not, of course, correlated with any one function 
alone, but rather with the -work of the root system as a whole. 

The anchorage of a large tree, such as an oak or a pine, 
presents very different problems from the anchorage of a 
small plant, such as a buttercup or a wheat plant. In trees 
the roots are large and woody, and the portion of the root 
system close to the stem bears much of the weight of the 
trunk and other aerial parts, while these and the smaller 
root branches extending widely through the soil function in 
anchoring the plant in the soil and preventing it from being 
overturned by winds. Some trees, such as the oaks, develop 
a rather large tap root extending directly down, while others, 
such as the Douglas fir, develop large lateral roots, extending 
widely and occupying only the region near the surface of the 
soil. The general character of the root system of trees as 
well as of other plants is much influenced by the physical 
properties of the soil, the amount of water in the soil, and 
the amount of air in it. In general a rather hard soil with 
abundant water tends to cause a widely extending root sys- 
tem close to the surface, while a porous soil with a smaller 
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water supply and the consequently greater abundance of 
air in the soil tends toward a deeper root system. Cypress 
trees grow in soil that is often covered with water, and they 
develop special root branches called knees which extend 
up'ward into the air, and enable the gases of the air to diffuse 
into the roots. 

The root system of a small herbaceous plant, on the other 
hand, does not support a heavy weight, and is likely to con- 
sist of more slender, flexible roots with a small, tough vascu- 
lar cylinder in the center and a larger, soft cortex surrounding 
it. Such a root structure when accompanied by extensive 
branching makes for firm anchorage of small plants. There 
may be a large tap root with numerous branches, as in the 
common pig weed (Amaranthus retroflexm) , or numerous 
slender roots originating directly from the stem, as in wheat 
and other plants of the grass family. The root system of 
wheat branches freely, and forms a fine network in the upper 
2 or 3 feet of the soil, and sometimes extends to as great a 
depth as 5 feet. 

The anchorage of a corn stem presents some unusual 
features. Though it has an extensive system of roots 
originating underground, additional anchorage is provided 
by the development of one or more whorls of ^^prop^' roots 
above the surface of the soil. These grow as stout, un- 
branched structures diagonally downward into the soil, where 
they branch freely. The stalks of some varieties of corn 
reach a height of 8 feet or more, and the weight of the stalk, 
leaves, and ear, together with the large exposure of surface 
to winds, would result in considerable danger of tipping over 
if firm anchorage were not provided. 

The absorption of water by roots takes place largely 
through root hairs (Fig. 135). These are commonly located 
in a limited region, just back of the root cap, and as the older 
ones die new ones are formed on the growing region, close to 
the root cap. The total number of root hairs thus remains 
somewhat constant, though the life of any one hair is short. 
In some roots, however, the region of hair production is 
much more extensive, as, may be seen on the roots of the 
wandering Jew (Tradescantia)f grown in water. Some roots 
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do not have hairs, and in such cases water is taken in through 
the surface cells. 

Root hairs are delicate structures (Fig. 42) ; each formed 
by the outgrowth of a surface cell of the root. In this way 
the absorbing surface of the root is greatly increased and is 
often ten times as great as it would be without hairs. The 
wall is thin, and water readily penetrates it. Root hairs 
when grown in water or moist air are regular in form, but 
when grown in soil they apply themselves closely to the soil 
particles and are thus much distorted. Substances in solu- 
tion in the soil water may enter the root with the water if 
the plasma membrane of the root cells is permeable to them. 

From the surface cells, of which the root hairs are pro- 
longations, the "water moves through the cortical cells and 
any other intervening cells to the vascular tissues in the 
stele. From here the conduction is much the same as con- 
duction in the vascular tissues of the stem. 

Storage in roots is mainly in parenchyma tissues. Fleshy 
roots, such as those of the carrot and the parsnip, have a 
large cortex and a considerable amount of central paren- 
chyma with a relatively small amount of vascular tissue 
between the two. Carrots contain sugars and proteins, and 
parsnips contain sugars, fats, and some starch. 

The development of storage tissue in the beet root is quite 
different from that in the carrot and the parsnip. Rings of 
growth are plainly seen by cutting across a beet, and these 
are formed by the activity of successively formed layers of 
cambium. The original cortex is broken by the growth of a 
new cortex from the pericycle and soon disappears. A new 
cambium is formed in this new cortex, and it produces a 
new growth ring consisting of some xylem and some phloem, 
mainly parenchyma. When this cambium dies a new one 
is formed in the outer portion of the parenchyma and a new 
growth ring is produced. In this way eight or ten growth 
rings may be produced, in the parenchyma of which sugars 
and proteins are stored. 

The development of fleshy storage roots, such as those of 
the carrot, parsnip, and beet^ is common in biennial plants. 
Food is stored during the first year of the plant’s life, and 
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this ivS utilized in the production of an aerial leaf}' stem during 
the second year. This stem produces flowers^ fruits, and 
seeds, thus completing the life cycle. These plants are, 
however, not always biennial. In some cases the “whole life 
cycle occurs in a single season, and in others the plants tend 
to become perennial. 

Some plants, such as the dahlia and the sweet potato, 
produce numerous fleshy storage roots instead of a single 
fleshy tap root, and the root system thus has a different form. 
A cluster of fleshy roots, such as those of the dahlia, is called 
a fascicled system. The sw^eet potato contains sugar, starch, 
fat, and protein. A carbohydrate (inulin) resembling starch 
in composition, but differing from it in being in solution 
instead of in the form of grains, is stored in the roots of the 
dahlia and the Jerusalem artichoke. 

Suggestions for Further Reading. 

1. Weaver, J. E.: Root Development of Field Crops, New York, 
1926. 

2. The books listed under Chapter I. 


CHAPTER V. 

FLOWERS. 

The flower is a reproductive organ. It produces seeds, 
and these grow into new plants, and the parts of the flower 
are suited by form, structure, color, and odor to this function 
of seed production. Incidentally the forms, colors, and odors 
of many flowers are pleasing to human senses, and flowers 
are among the most attractive objects in Nature. 

THE PARTS OF THE FLOWER. 

The parts of the flower are modified leaves, and the flower 
is a modified branch which has no buds in the axils of its 
leaves. A complete flower (Fig. 47) is composed of four 
circles, or whorls, of parts—sepals, petals, stamens, and one 
or more pistils. The leaf-like character is apparent in the 
sepals, and is often recognizable in the petals, but is not so 
evident in the stamens and pistils. A transition from sepals 
to petals and stamens is seen in the white water lily, but not 
usually in other flowers. The flower is borne on a receptacle 
(Fig. 47), which is a portion of the stem or of a branch, and 
vascular bundles extend from the stem or branch into the 
sepals, petals, stamens, and pistils. 

The sepals are the outer whorl, and constitute the calyx. 
Their leaf-like nature is indicated by their green color and 
the presence of veins and other tissues similar to those found 
in leaves. The petals are next in order and, taken collec- 
tively, constitute the corolla. Although they are somewhat 
leaf-like in form and structure, they are usually of some other 
color than green, such as white in the Easter lily (Fig. 45) 
and yellow, in the buttercups. 

The stamens (Fig. 47) constitute the third whorl. Each 
stamen is composed of a stalk-like portion called the filament 



104 


FLOWERS 



Fig. 45.-^Easter lily flowers and buds. 
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and an enlarged portion at the top called the anther, which 
produces the pollen. An anther is made up essentially of 
pollen sacs (usually two), which open at maturity and dis- 
charge the pollen. The act of opening is called dehiscence 
and the most common method is by longitudinal splitting, 
though some {e. g,, Rhododendron) open by a small pore at 
the top. 



Fig. 46.— Flowering branches of pale laurel {Kalmia poUfolia). The leaves 
are evergreen. 

The pistil (Fig, 53) is composed of three parts™ ovary, 
style, and stigma. The ovary is the swollen portion at the 
base containing the ovules, which are usually borne in defi- 
nite positions on the ovary wall, called placentas (Fig. 51). 
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In some flowers, however, the ovules are borne in the center 
of the ovary, and these may be on an outgrowth from the 
base of the ovary which originates from stem tissues. 

The ovule (Fig. 53) is a rounded structure borne on a short 
stalk (funiculus). The basal portion of the ovule is the 
chalaza, and above it is the main body of the ovule (nucellus), 
surrounded by either one or two integuments. The chalaza 
is the meristematic tissue from which the other parts grow. 
There is an opening (micropyle) in the integuments, and in 
an erect ovule this is situated at the top, though many 
ovules are wholly or partially inverted so that the micropyle 
is situated near the base of the ovule, close to the funiculus. 



Fig. 47. — Longitudinal section of buttercup flower, showing sepals, petals, 
stamens, and pistils. All borne on the receptacle. (Drawn by E. T. 
Bodenberg.) 

The embryo sac (see p. 293) is contained within the nucellus. 
The function of the ovule is the production of a seed, and the 
relation between these two structures is discussed in the 
Chapter VI. 

The stigma is the portion of the pistil that receives the 
pollen, and its character is such as to suit it to this function. 
Many stigmas are sticky, so that the pollen adheres to them, 
and others are covered with short hair-like outgrowths, 
among which the pollen lodges. The style is the portion of 
the pistil between the ovary and the stigma. It may be 
long or short, or may be entirely absent, and in the latter 
case the stigma is borne directly on the ovary. 

In the evolution of a flower from a branch the pistil has 
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developed from one or more modified leaves. A leaf modi- 
fied so that it produces one or more ovules is called a carpel, 
and every pistil is structurally made up of 1 or more carpels. 
The pistil is made up of 1 carpel in the buttercups, 3 in the 
trilliums, and 5 in the rhododendrons. The number of 
carpels may be indicated by the number of stigmas or even 
of styles, or by the number of lobes in the ovary, but is 
usually most evident in a cross-section of the ovary (Fig. 51), 
where it is indicated by the number of placentas. The 
monocarpellate character of the buttercup pistil is evident 
from the single style and stigma, the ovary without lobes, 
and the single placenta; the tricarpellate character of the 
trillium pistil is evident from the 3 stigmas, three-Iobed 



Fig. 48. — Longitudinal section 
of flower of giant avens (Geum ma- 
crophylluni). (Drawn by E. T. 
Bodenberg.) 



Fig. 49.— Longitudinal section 
of hawthorn (Cratcegus) flower. 
Inferior ovary; petals and stamens 
on calyx. (Drawn by E. T. 
Bodenberg.) 


ovary, and 3 placentas; and the .fact that the pistil of the 
rhododendron flower is composed of 5 carpels is evident from 
the 5 cells (divisions) and 5 placentas seen in the cross- 
section of the ovary. 


TWO FLOWERS DESCRIBED. 

Descriptions of two representative flowers will help in 
giving definite ideas of the flower parts. The buttercup 
flower (Fig. 47) has 5 or more green sepals, all separate from 
one another, and 5 or more yellow petals, also separate. Its 
stamens are numerous and yellow, and each filament bears 
an anther composed at maturity of 2 pollen sacs which set 
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their pollen free by splitting longitudinally. The pistils are 
numerous and separate, each composed of a single carpel and 
having only 1 ovule. All of the parts of the flower are 
borne on the receptacle, none of the circles are united, and 
there is no union of any of the parts within any circle. 

The flower of the Easter lily (Fig. 45) has a perianth 
composed of 6 white parts slightly united at the base, which 
are all alike and, therefore, not readily distinguished as 
calyx and corolla. The term perianth may be used to 
include the calyx and the corolla in any case, but is especially 
advantageous in such flowers as this, where these two circles 
are similar in form and color. This flower has 6 yellow 
stamens and 1 pistil. Each stamen has a long filament and 
an anther, composed of 2 pollen sacs which split longitudin- 
ally in the discharge of their pollen. The anther is attached 
to the end of the filament by its middle, and thus swings 
freely. Anthers so attached are called versatile. The ovary 
has 3 cells and 3 placentas, and is thus seen to be composed 
of 3 carpels. The style is long, and the stigma is three-lobed 
and sticky. All of the parts of this flower are borne on the 
receptacle, but there is some union of parts, the 6 parts of 
the perianth being slightly united at the base and the 3 
carpels completely united into 1 pistil. 

KINDS OF FLOWERS. 

The organs necessary for the production of seeds in the 
angiosperms are stamens and pistils, and these are known 
as the essential organs of the flower. If both are present in 
the same flower the flower is perfect, while if either is lacking 
it is imperfect, those with stamens being staminate and 
those with pistils being pistillate. Castor-bean plants, alder 
trees, and some other plants have the staminate and pistil- 
late flowers on the same individual plant, and are termed 
monoecious, while willows, poplars, hemp, and some others 
have the two kinds of flowers on different individuals, and 
are termed dioecious. 

The parts composing any one of the circles of a flower are 
more or less united in many species. The petals may be 
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separate, as in the buttercup, slightly united at the base, as 
in the Easter lily, or more completely united so that their 
number is indicated only by the lobes of the corolla, as in 
the foxglove. Similarly sepals may be either united or 
separate. Stamens may be separate (Easter lily), united 
by their anthers (dandelion), or united by their filaments 
so that they form a tube (sweet pea) or column (mallow). 
The union in the dandelion is shown in Fig. 56. 



Fig. 50. — Longitudinal section 
of flower of madrona {Arbutus 
Menziesii). Corolla of united 
petals; anthers bearing appen- 
dages and opening by a terminal 
pore. (Drawn by E. T. Boden- 
berg.) 



Fig. 51.-“Cross-section of tril- 
lium ovary {T. ovaiium), showing 
the three placentas and two of the 
ovules borne on each. (Drawn by 
E. T. Bodenberg.) 


The four circles of parts in the flower may all be separate 
on the receptacle, or two or more of them may be united, 
or the parts of one circle may be apparently borne on another 
circle (Fig, 49). If they are all borne on the receptacle, 
and none of them united with the ovary, the flower is hypogy- 
nous and the ovary is superior, as in the Easter lily and the 
buttercup. If other parts are borne on the ovary they are 
epigynous and the ovary is inferior, as in the flowers of 
huckleberries and apples. Petals may be borne on the calyx, 
as in carrot flowers, and stamens may adhere to the corolla, 
as in the morning glory, or may be borne on the calyx, as in 
apple blossoms. A flower with the circles separate is shown 
in Fig. 47, and one with some union of parts in Fig. 48. 

The perianth may be conspicuous, as in the violets and the 
Easter lily; consist of mere scales, as in the grasses (Fig, 135) ; 
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or entirely absent, as in the cat-tail. Flowers which have 
an abnormal number of petals are called double flowers. In 
some flowers this is due to the presence of adventitious 
petals, and in others to the transformation of stamens or 
pistils into petals. Still another method of doubling is 
seen in some flowers of the composite family {e. g,, sun- 
flow^er), in which some of the disk flowers have become 


similar to the ray flowers. Many double flowers have 
been developed in cultivation by selection and vegeta- 
tive propagation. One variety may have double flowers, 
while another variety of the same species may have single 
ones. Among the attractive double flowers common in 
cultivation are roses, carnations, chrysan- 



Fig. 52. — Cross- 
section of ovary of 
Iris. A three-celled 


themums, dahlias, and the snowball. 

Flowers may be regular {e. g., butter- 
cups) or irregular {e. g., sweet peas). A 
regular flower is one that has all of the 
parts of any one circle alike, and an ir- 
regular flower is one in which some of 
the parts differ from other parts of the 
same circle. In the sweet pea the petals 


ovary. (Drawn by are not all alike, 1 being the standard, 
E. T. Bodenberg.) 2 others united forming the keel, and the 


remaining 2 at the sides being the wings. 
Irregularities are also seen in other parts of the flow^er. A 
regular flower, such as that of the buttercup, can be divided 
into two similar halves by more than one longitudinal plane, 
and is called actinomorphic, while an irregular one, such as 
the sweet pea, can be divided into similar halves by only 
one longitudinal plane, and is called zygomorphic. 


POLLINATION AND FERTILIZATION. 

The transfer of pollen from the anther to the stigma is 
called pollination. If pollen reaches the stigma of the same 
flower the process is self-pollination, and if it reaches the 
stigma of another flower it is cross-pollination. While self- 
pollination occurs in some flowers, it is rendered impossible 
in others by the fact that the stamens and pistils do not 
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Fig. 53. —Diagrammatic longitudinal section of a pistil, showing ovary, 
style, and stigma. The ovary contains one ovule and it shows the nucellus, 
the two integuments, and the micropyle. The space between the ovary 
wall and the ovule is lightly stippled; the nucellus is more heavily stippled. 
The eight nuclei (see text) are shown in the embryo sac. Several pollen 
grains have germinated on the stigma, and a pollen tube from one of these 
(see text) has reached the embryo sac. (Drawn by M. W. Phifer.) 
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occur in the same flower or by the fact that the pollen in 
any one flower is not shed at the time that the stigma is in 
the proper stage to receive it. The pollen may be shed 
before the stigma of the flower is mature or not until after 
it has withered. The former is the more common case, and 
is illustrated by the dandelion. The flowers are in heads, 
the outer ones maturing first so that the stigmas of the 
flowers farther in are in the stage to receive the pollen when 
the outer flowers are shedding it, and cross-pollination is 
effected by insects. Self-pollination is also possible in dande- 
lion flowers by the recurving of the stigmas so that they 
touch the anthers. In the figwort (Scrophularia) the stigma 
of any one flower matures before the anthers of that flower 
split open, and withers before the pollen is shed, but the 
stigma of some other flower is then ready to receive the 
pollen, which is transferred to it by insects. In willows the 
staminate and pistillate flowers are on separate trees, and 
the pollen is transferred mostly by insects. 

The principal agents of the transfer of pollen in cross- 
pollination are wind and insects. Among the plants that 
are wind-pollinated are oaks, birches, ragweeds, sedges, and 
many grasses. In such plants the pollen is usually dry, 
light, and abundant, and the stigmas are usually feathery. 
Flexibility of the stem or of the inflorescence axis or the 
possession of versatile anthers facilitates the shaking out of 
the pollen by wind. Sedges, grasses, and ragweed have 
flexible stems and the anthers of grasses are versatile. The 
staminate catkins of oaks and birches are flexible and pen- 
dulous at the time that their pollen is shed. 

Among the many plants that are insect-pollinated are 
buttercups, trilliums, orchids, and sage. In such plants the 
pollen and the stigma are usually both sticky, and the visits 
of insects are assured by the color or odor of the flower. 
Many insect-pollinated flowers are irregular, and their form 
is such as to make the transfer of pollen certain. In orchids 
the pollen is in sticky masses, and the form of the flower is 
such that these masses adhere to the proboscis of the visiting 
insect, and are thus transferred to the stigma of the next 
flower visited. 
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Fertilization in angiosperm flowers is the ‘union of nuclei 
from the pollen tube with nuclei in the embryo sac. Pol- 
lination precedes fertilization, and is the means to that end. 
When the pollen grain germinates on the stigma it sends its 
tube through the tissues of the style into the cavity of the 
ovary, where its tip comes into contact with the ovule, and 
thus conveys the pollen nuclei to the nuclei of the embryo 
sac. When fertilization has taken place the ovule develops 
into a seed. 



Fig. 54.— Flowers and fruits of dandelion. At the left, top view of two 
heads. Next, a flower stalk (scape) and head of flowers with involucre. 
Next, a flower head with the front half cut away to show the receptacle. 
Next, a head with ripe fruits, showing parachute of hairs. A portion of 
the receptacle is seen where some of these have fallen away. At right, 
another head, showing more of the seed-like fruits. 

INFLORESCENCE. 

The arrangement of flowers on the plant is called the 
inflorescence. The flowers may be solitary, as in the violets 
and the trilliums, or they may be in groups, as in the cherries 
and the garden pea. If there is a central axis along which 
the flo'wers are borne, and each flower is borne on a stalk 
(pedicel), as in the shepherd^s purse (Fig. 2), and the Labur- 
num tree (Fig. 67) the inflorescence is a raceme. If the 
8 
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flowers are sessile along an axis, as in the common roadside 
plantain, the inflorescence is a spike. If the spike is short 
and scaly, as in the willow (Fig. 136) and the hazel, it is 
called a catkin, or ament. If the pedicels of the lower 
flowers of a raceme become very long so that the inflorescence 
is flat-topped we have a corymb, such 
as is seen in some species of cherry. 

If all of the pedicels originate from 
the end of the stem or branch, as in 
sweet cicely (Fig. 139) and the onion, 
the inflorescence is an umbel. If all 
of the flowers are crowded together 
at the end of the stem or branch, as 
in the clover (Fig. 138) and the dan- 
delion (Fig. 55), and the flowers 


Fig. 56.— a dande- 
lion flower. Ovary at 
base. Pappus, con- 
sisting of hairs, and re- 
presenting the modified 
calyx. Corolla consist- 
ing of five united petals, 
Fig. 55.— Longitudinal section of head of with its strap-shaped 

dandelion flowers, showing receptacle and in- (ligulate) portion exten- 

volucre. The flowers of the dandelion are all ding to the right. Two 

alike when mature, but the ones at the center recurving stigmas. An- 

here look different because they show a thers united around 

younger stage than those of the outer portion the style. (Drawn by 

of the head. (Drawn by E. T. Bodenberg.) E. T. Bodenberg.) 

are sessile or have very short pedicels, the inflorescence is a 
head. 

The dandelion head is an example of the type of inflores- 
cence that is characteristic of the composite family. It con- 
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sists of numerous flowers crowded together on a common 
receptacle, and surrounded by one or more rows of bracts 
constituting the involucre. The whole structure bears a 
striking resemblance to a single flower, but on examination 
is readily seen to be composed of many flowers. 

In the grasses (Fig. 58) the spikelet is taken as the unit 
of inflorescence instead of the flower. The spikelet consists 
of one or more florets, and each floret consists of the pistil 
and stamens enveloped by two bracts, the lemma and the 



Fig. 57. — Inflorescence. The two at the left are racemes of Laburnum, 
showing flowers at top and fruits (legumes) at bottom. The two at the 
right are heads of white clover. 

palet. The lemma and the palet are readily seen in unhulled 
oats. The inflorescence in common grasses is usually either 
a spike, as in wheat and the common rye grass (Lolium) 
(Fig. 58), or an irregularly branched inflorescence called a 
panicle, such as is seen in blue grass, brome grass (Fig. 58), 
and oats. 

There are a number of other forms of inflorescence, and 
the inflorescence is frequently used as an aid in the classifica- 
tion of seed plants. The terms met with in keys and floras 
are usually defined in glossaries in these works. 



FLOWERS 


Fig. 58. — Grasses. Left, a brome grass (Bromus), showing stem, a leaf, 
and inflorescence (panicle). Center, perennial rye grass (Lolium perenne) 
with terminal spike, showing separate spikelets, each with several florets. 
Right, roots and leafy stems of velvet grass (Holms lanatus). 


Suggestions for Fuether Reading. 

1. Clements, F, E., and Clements, E. S.: Flower Families and 
Ancestors, New York, 1928. 

2. Pool, R. J,: Flowers and Flowering Plants: An Introduction to 
the Nature and Work of Flowers and the Classification of Flowering 
Plants, New York, 1929. (This book contains a good list of books 
about flowers.) 

3. The books listed under Chapter I. 


CHAPTEE VI. 


SEEDS. 

A SEED is a young plant in a dormant condition, covered 
with a protective coat and provided with a supply of nourish- 
ment. It originates from the fertilized ovule, and its parts 
are traceable to the parts of the ovule and the nuclear fusions 
which occur there. 

THE PARTS OF A SEED. 

The young plant is the embryo, and shows some differ- 
entiation into the parts that are to produce the vegetative 
organs of the seedling. Usually one or more leaves, a stem, 
and a growing point can be seen, all in embryonic form. 
The seed leaves are the cotyledons, and there are usually 
1 or 2, though in the pines and other conifers there may be 
several (3 to 18). The cotyledons may be very thin struc- 
tures, distinctly leaf-like in form, as in the castor bean 
(Fig. 60), thick structures containing much stored food, as 
in the common beans (Fig. 59) or somewhat intermediate 
between these, as in the pumpkin and squash. 

The embryonic stem in the seed commonly consists of two 
portions— that below the attachment of the cotyledons con- 
stituting the hypocotyl, and that above constituting the 
epicotyl. Both can be seen in the common beans (Fig. 59). 
The growing point is the plumule, and may be very incon- 
spicuous, as in the pumpkin, or may be larger and even show 
embryonic leaves, as in the common beans (Fig. 59). The 
radicle is the portion that will produce the root, and is at the 
free end of the hypocotyl, but is not usually readily dis- 
tinguished from it. 

Food-containing tissue in the seed not forming a part of 
the embryo is endosperm, and the food stored there is com- 
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moiily starch, oil, or protein. The protein is usually in the 
form of grains, and is called aleurone. In corn, wheat, and 
other grains a layer of aleurone cells covers the single mass 



Fig. 59. — A bean seed. Left, whole seed, showing the large hilum and 
the small micropyle just above it. Right, the inner surface of one cotyledon 
with the hsrpocotyl (pointing upward) and the plumule (consisting of two 
young leaves) pointing toward the right. (Drawn by M. W. Phifer.) 


of endosperm, while the cells of the interior contain numerous 
starch grains. The castor-bean seed has two large masses 
of endosperm forming the main bulk of the seed, and they 
are rich in oil and also contain some protein. Where endo- 



Fig. 60. — Castor-bean seed. Left, the whole seed, showing the caruncle 
at the bottom. Right, inner view of one-half of the seed, showing one 
cotyledon, the hypocotyl, and the endosperm. Venation is shown in the 
cotyledon. The hypocotyl is the short body at the base of the cotyledon. 
The stippled area indicates the portion of the endosperm not covered by the 
cotyledon. (Drawn by M. W. Phifer.) 

sperm is present the cotyledons are likely to be thin and 
leaf-like, as in the castor bean, but some seeds, such as those 
of corn (Fig. 61), have abundant food stored in both cotyle- 
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don and endosperm. The seeds of pines and other conifers 
have a large mass of endosperm, with the embryo in the 
center. ■ ■ . 

The differentiation of parts in the embryo is largely in 
form, and the cells present are either parenchyma-like or 
meristematic. There is, however, some 


structural differentiation, and vascular 
bundles are often present, though 
poorly developed, and stomates and 
the beginning of veins are sometimes 
seen in embryonic leaves. 

The seed is enclosed in a seed coat 
called the testa, and there is usually 
an opening in this which is the micro- 
pyle (Fig. 59). This is easily seen 
in navy bean and pumpkin seeds. 
The fact that this is an opening through 
the testa is readily shown in the navy 
bean. If the seed is soaked in water, 
and its surface freed from excess water 
with a piece of filter paper, a drop 
of water comes out of the micropyle 
when the seed is pressed between the 
thumb and finger. A scar called the 
hilum is commonly seen on the out- 
side of the seed, and this marks the 
point where the seed was attached to 
the fruit. In the common beans (Fig. 
59) and pumpkin seeds the hilum and 
the micropyle are close together. 

The testa protects the embryo from 
mechanical injury and from the attacks 
of microorganisms which would cause 
decay. In the navy bean the testa is 
hard and brittle when dry, but is soft 



Fig. 61.-- Longitudinal 
section through a kernel 
of corn. The cross- 
hatched areas indicate 
the hard yellow portions 
of the endosperm. The 
rest of the endosperm is 
left unshaded. The 
curved body at the left 
of the endosperm is the 
cotyledon. To the left 
of this the plumule points 
upward and the hypo- 
cotyl downward. (Drawn 
by E. C. Angst.) 


and pliable after being soaked in water. The testa of the 


castor bean is also hard and brittle, but does not change 


much on soaking, since it is almost impervious to water. 
In this seed (Fig. 60) water is absorbed by a prominent 
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porous structure called the caruncle. The testa of the 
pumpkin seed is thick and tough and takes up water readily. 

In addition to the parts already described, another struc- 
ture, the arillus, is present in a few seeds. It grows from 
the meristematic tissue of the chalaza, and is outside of the 
testa, forming a more or less complete covering over the 
seed. The arillus of the nutmeg is a branched structure 
almost entirely enveloping the seed. This arillus is the mace 
of commerce and is used as a spice. An arillus is also present 
on the seeds of the white water lily and some other plants. 

THE ORIGIN OF THE SEED FROM THE OVULE, 

The study of the parts of the ovule and of the nuclear 
fusions which occur in its embryo sac (Fig. 53) during 
fertilization has made clear the origin of the various parts 
of the seed. The embryo and the endosperm of monocots 
and dicots arise from nuclear fusions within the embryo sac, 
and the testa develops from the integuments of the ovule. 
One male nucleus from the pollen tube fuses with the egg 
nucleus of the embryo sac, and thus forms the cell which 
grows into the embryo, while the other male nucleus from 
the pollen tube unites with a nucleus formed by the fusion 
of two embryo sac nuclei called the polar nuclei, and the cell 
which produces the endosperm is thus formed. The nucellus 
of the ovule is usually used up by the developing embryo 
before the seed is mature. The testa may be the product of 
one integument where there is only one on the ovule or it 
may come from only the outer one where there are two. 
The growth of the integuments into a testa follows as a 
secondary effect of the nuclear fusions that form the embryo 
and the endosperm. The origin of the parts of gymnosperm 
seeds, such as those of the pines and other conifers, is similar 
in a general way to that of monocots and dicots, except as to 
the origin of the endosperm (see p. 282) . 

SEEDS AND SPORES. 

A seed differs from a spore in being a complex, many- 
celled structure with the beginnings of the vegetative organs 
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of the plant already formed, while a spore is usually a single 
cell capable of producing a young plant by division, which is 
followed by extensive differentiation in the more complex 
plants, such as the ferns. Some spores consist of more than 
1 cell, often 2 or 4, but in that case the cells are all very 
similar in appearance. 

GERMINATION. 

Under suitable conditions of temperature and moisture 
the embryo of the seed resumes growth, and this resumption 
is called germination. Oxygen is necessary for germination, 
and this usually enters the seed in sufficient amount when 
the moist seed is in contact with the air. Light is not com- 
monly a factor, and most of the common seeds will germinate 
either in light or darkness. Light is, however, favorable to 
germination in some species. The seeds of one species of 
tobacco remain dormant in the soil for several years, but 
germinate when exposed to light. Light is unfavorable to 
the germination of the seeds of a few plants. 

Though the seeds of many plants will germinate as soon 
as they are ripe, delayed germination is rather common. 
The seeds of cultivated oats {Awna satim) will germinate in 
the fall following the summer in which they are produced, 
while those of wild oats (A, faiua) will not germinate until 
the following spring. In some plants {e. g., red clover) 
some of the seeds germinate promptly, while the germination 
of others of the same lot is delayed. 

The causes of delayed germination may be grouped under 
five heads: (1) Seed coats impermeable to water. (2) 
Seed coats impermeable to oxygen. (3) Seed coats so stout 
that the embryo cannot break them. (4) Embryos imma- 
ture. (5) After-ripening necessary. 

Impermeability of seed coats to water is seen in some 
seeds of red clover and other plants of the legume family. 
In one legume the seeds were tested in October and none of 
them germinated when the seed coats were left intact, while 
all of them germinated when the seed coats were cut through 
with a file. All of the seeds of this species germinated readily 
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the following spring without treatment. Changes which 
allow the entrance of water into hard seeds occur under 
ordinary storage conditions, but take place more rapidly 
when the seeds lie on the soil out of doors, where moisture 
and other conditions vary and bacteria and fungi which may 
cause decay are present. The seeds of some plants of the 
mallow family also show delayed germination, due to hard 
coats which do not allow water to enter. 

Delayed germination due to impermeability of the seed 
coats to oxygen is seen in the cocklebur {Xanthium) and 
some other plants of the composite family and also in several 
grasses. In these cases germination will occur in a very 
short time if the seed coats are removed or pierced with a 
pin. The same result follows if the seeds with coats intact 
are placed in pure oxygen so that the oxygen pressure on 
them is greater than it is in air. 

The seeds of many water plants have coats that are so 
stout that the swelling embryo cannot break them, and 
further intake of water is thus prevented. Such seeds have 
been stored in water for as long as four years without germi- 
nation. The water plantain {Alisma) illustrates this kind 
of delayed germination. If the seeds are placed in foul water, 
however, where bacteria and fungi are present, germination 
occurs in a short time. 

Immature embryos are found in the seeds of some species 
of buttercups {Ranunculus) and also in some orchids and 
other plants. In some cases several weeks or even months 
are required for the development of the embryo to a stage 
where germination is possible. Placing the seeds on nutrient 
media and in certain conditions of acidity hastens the 
maturity of the embryos of orchid seeds. 

A period of after-ripening is necessary before germination 
will take place in the seeds of one species of hawthorn 
{Cratcegus mollis). Three or four months of after-ripening 
are necessary if the hard fruit coats are left on, but this period 
is much shortened if the fruit coats are removed, and is still 
further shortened if the seed coat is removed. After-ripen- 
ing in this case seems to involve an increase in acidity, which 
causes changes favoring water absorption. 


THE DEVELOPMENT OF SEEDLINGS 
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THE DEVELOPMENT OF SEEDLINGS. 

As the young plant develops it escapes from the seed coats, 
breaks through the soil, produces roots and green leaves, and 
thus becomes established and capable of an independent 
existence (Fig. 62). 

In the development of the young plant the endosperm, if 
present, remains under ground, and the foods stored in it 
are used up in growth. The cotyledons may remain under- 
ground, as in the garden pea and corn; come above ground 
as very temporary somewhat leaf-like structures, as in the 
navy bean; or they may form the first leaves, different in 
appearance from the later ones, as in the pumpkin and the 
castor bean. Two functions, food storage and foliage work, 
are thus performed to varying extents by the cotyledons of 
different seeds. In the first case just mentioned the function 
is wholly storage, and the starch, oil, protein, and other 
stored foods are used up in the development of other parts 
of the seedling. In the second case both functions are per- 
formed, since the cotyledons are abundantly stored with 
starch which is used up in the growth of the seedling, and 
they become green, though not very leaf-like in form; while 
in the third case the function seems to be wholly a foliage 
one, since the cotyledons are leaf-like in form even in the 
seed, and become distinctly so in structure and color as they 
develop. 

The seed coats are commonly left underground in the 
development of the seedling, though they are sometimes 
pushed up through the soil on top of the developing cotyle- 
dons, a phenomenon characteristically identified with the 
pines. Where the seed coats are left underground the 
escape of the embryo is often accomplished by the irregular 
bursting of the seed coat by the increase in the size of the 
embryo, as in peas and beans. In pumpkins, squashes, and 
other seeds of their family the escape from the seed coats 
is accomplished by a special device. The seed coats are 
caught and held by a peg-like process developed on the side 
of the lower portion of the hypocotyl, and the cotyledons 
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are pulled out of them by the formation and elongation of an 
arch in the liypocotyl above this peg-like process. 



Fig. 62. —A maple seedling, showing leaves, stem, and roots. The first 
pair of leaves (formed by the cotyledons) differ in form from the two pairs 
above them. 

Breaking through the soil above the seed requires consid- 
erable force, and the problem of accomplishing this without 
injury to the delicate parts of the developing embryo is 
solved in different ways by various seeds. In the bean, 
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castor bean, and pumpkin the arch of the hypocotyl breaks 
the soil, and the plumule and the cotyledons are thus pulled 
up without exposure to mechanical injury. When they are 
free from the soil the arch straightens and the seedling 
becomes erect. Corn pushes its first leaves directly through 
the soil and the plumule is protected by them. The pines 
do the same, but since the seed coat is commonly brought 
up on top of them the cotyledons are somewhat protected 
by it. 

SEED DISPEESAL. 

Many seeds are dispersed by various agencies which carry 
the fruits in which they are contained, but in some plants 
the seeds themselves are of such a character as to enable 
them to be carried by wind, water or other agents. The 
seeds of milkweeds and fireweeds have a tuft of hairs and 
those of the catalpa tree have a wing, and these seeds and 
many others are widely scattered by wind. The seeds of 
the white water lily have a thick arillus, and this enables 
them to float on water. Various devices of seeds and fruits 
resulting in the wide dispersal of the seeds are readily seen 
by any one interested in making the observations. 

Suggestions foe Fuethek Reading. 

The books listed under Chapter I. 


CHAPTER VII. 


FRUITS. 

The term fruit when used in botanical descriptions has a 
somewhat broader meaning than when used in the popular 
sense. As popularly used the term is not very exact, but 
we are likely to think of it as including plant parts that are 
fleshy, juicy, edible without cooking, and usually containing 



Fig. 63 .— Cross-section of a lemon, showing “rind,” pulp, and seeds. 
Oil glands are shown at the surface of the rind. (Drawn by M. W. Phifer.) 

seeds. The botanical meaning is more definite and designates 
all plant parts that consist of matured and developed carpels 
together with any other parts that may be incorporated 
with them during this development. Most of the common 
fruits are developed from ovaries or intimately connected 
parts, but the word carpel is used in the definition to include 
such fruits as the berries of yews and junipers which are 
developed from carpels on which the ovules are borne naked, 
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and thus do not involve an ovary. In the general sense 
peaches and apples are fruits, while the grains of wheat and 
corn and the pods of locust and catalpa trees are not, but 
in the botanical meaning all of these are fruits. The develop- 
ment of the fruit follows fertilization, and usually the fruit 
does not develop perfectly in its absence, the union of the 
nuclei having a secondary effect in stimulating the develop- 
ment of the surrounding tissues in addition to the more direct 
effect of the production of the seed. 


CLASSIFICATION OF FRUITS. 

Fruits may, for convenience, be classified on several 
different bases, one of which is the general character of the 
fruit when mature. On this basis fruits are classified as 
fleshy and dry. Peaches, apples, and watermelons are 
fleshy fruits; and peanuts, the pods of the common navy bean, 
and the follicles of the columbine are dry fruits. 

Another classification may be based on whether they do 
or do not split open and thus discharge their seeds. Those 
that split open are dehiscent fruits, and those that do not are 
indehiscent. The lines on which they split are sutures, and 
the follicles of the columbine split on one suture while the 
pods of beans and peas split on two, and the capsules of the 
castor bean on three. The capsule of the poppy is dehiscent 
in a slightly different way, since it discharges its seeds through 
pores which open near the summit. Various other methods 
of dehiscence are also to be seen in other fruits. Apples, 
oranges, and pumpkins are examples of indehiscent fruits. 

A third classification of fruits is made on the basis of their 
origin. Those that originate from a single pistil without 
the incorporation of other parts are simple fruits; those that 
originate from several ovaries all borne in one flower are 
aggregate fruits; those that originate Trom several ovaries 
each belonging to a separate flower are multiple fruits; and 
those in which some part other than the ovary forms the main 
portion are accessory fruits. 
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SIMPLE FEUITS. 

In simple fruits all of the fruit except the seeds develops 
from the ovary wall. All of the tissues developed from the 
ovary wall constitute the pericarp, the outer layer being the 
epicarp, the inner one the endocarp, and the middle ones the 
mesocarp. In fruits which are known botanically as berries 
all of the pericarp except the epicarp is fleshy and it forms 
a thin skin, the grape and the tomato being familiar exam- 
ples. Closely related to the berry are the hesperidium, illus- 
trated by oranges, lemons (Fig. 63), and grape fruits, in 
which the outer layer is thick and leathery, and the pepo, 
illustrated by the pumpkin and the water-melon, in which the 
outer portion is hard and is not sharply differentiated from 
the inner portion. 

Stone fruits (drupes), such as peaches and plums, have a 
thin epicarp, a thick fleshy mesocarp, and a hard bony endo- 
carp. The pit of this fruit consists of this hard endocarp 
with the seed contained in it. A nut has a hard pericarp 
usually containing a single seed, and is in many cases wholly 
or partially surrounded by an involucre. In the black 
walnut this involucre is fleshy and indehiscent and covers 
the nut completely. In the chestnut the involucre covers 
the fruit completely but is dehiscent, while in the acorn it 
forms a cup at the base and in the hazel nut it forms a loose 
husk. 

A follicle {e, gi, larkspur) is composed of a single carpel 
and dehisces by a single suture on the inner (ventral) side. 
A legume (e. g., bean, and Laburnum, Fig. 57) is composed of 
one carpel, and dehisces by two sutures, while a capsule is 
composed of several carpels and dehisces by several longi- 
tudinal sutures as in St. Johns's wort and the rhododendrons, 
or opens in other ways as in the poppy, which opens by pores, 
henbane ( Hyoscyamus) which opens by a lid, and the snap- 
dragon which opens in an irregular manner. 

In a samara the pericarp grows out into one or more wings. 
The elm fruit has a wing all around, the ash fruit has an 
elongated wing at one end, and the maple fruit (Fig. 65) 
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consists of two parts each having a large one-sided wing. 
'An akene is a small, dr^^, indehiscent, one-seeded fruit snch 
as that of the buttercup or the dandelion (Fig. 54). A 
carpyopsis is a grain such as that of corn or wheat in which 
the pericarp is so closely adherent to the single seed that it is 
not readily separated from it. 


AGGREGATE AND MULTIPLE FRUITS. 

xAggregate fruits are illustrated by blackberries and rasp- 
berries, and th.e units making up such a fruit are berries in 
the botanical sense, though the whole fruit is commonly 
called a berry. In the true raspberries the fruit, when ripe, 
separates from the receptacle, while in the blackberries the 
ripe fruit is adherent to the somewhat fleshy receptacle. 
Multiple fruits are illustrated by the mulberry and the 
pineapple. 

ACCESSORY FRUITS. 

Parts other than the ovary which sometimes form con- 
spicuous parts of fruits.are the receptacle, the calyx, the style 
and the bracts. The strawberry consists of the developed 
and enlarged receptacle with the small seed-like akenes 
(the products of individual ovaries) embedded in small pits 
on its surface. The stem tissues of this fruit can be seen 
in a longitudinal section. The fruit of the fig consists of the 
hollow receptacle which has become fleshy and contains 
the numerous akenes within it. The apple (Fig. 64) is a 
pome and is composed mainly of the receptacle. When the 
apple is cut ‘in two lengthwdse the vascular bundles can be 
seen as a curved line extending from the base to the top. 
These vascular bundles are called the core line and the fleshy 
portion outside of this line is the cortex of the receptacle, 
while the fleshy portion extending from the core line to the 
parchment-like endocarp consists of the pith of the receptacle. 
The seeds are contained within this endocarp and the other 
parts of the pericarp are inconspicuous in the mature fruit. 
The fruits of gooseberries and currants also consist largely 
■ 9 ■■ ■■ 
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of fleshy tissue produced by the receptacle. In these fruits 
the receptacle tissue blends with the fleshy tissue produced 
by the carpels so that the line between them cannot be seen 
in the mature fruit. In the cranberry the calyx tube is 
permanently incorporated with the carpels and thus forms 
the outer part of the mature fruit. In the fruit of clematis 
the style persists as a long, hairy, taiHike process. 



Fig. 64. — Longitudinal section of an apple. Woody tissues extend 
through the apple from the stem at the base to the old calyx lobes at the 
top. The two curved lines enclosing the somewhat heart-shaped area 
represent the vascular bundles of the receptacle from which the flesh of the 
apple was formed. Within this is the pith and outside is the cortex. The 
shaded areas at the center indicate the parchment-like portions developed 
from the carpels, and within this are shown two seeds. (Drawn by M. W. 
Phifer.) 

GYMNOSPEEM PRinTS. 

The term fruit as ordinarily employed botanically includes 
the seed-containing structures of the junipers and the yews 
as well as of the pines and other cone-bearing trees. In the 
junipers it is a blue, berry-like structure composed of three 
scales (carpels) which have become fleshy and have fused, 
thus enclosing the seeds. The mature fruit of this tree thus 
suggests an angiosperm fruit rather than that of a gymno- 
sperm (see p. 280 ) but the early stages of its development 
clearly indicate its gymnosperm nature. The fruit of the 
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yews is also berry-like in general appearance but consists 
of a single bony seed with a pulpy ring around its base which 
originated from the carpel and does not completely cover the 
seed, and the gymnosperm character of the fruit is thus 
evident. In the pines and their near relatives the fruit is 
a woody cone (Fig. 130) with naked seeds on the inner face 
of each scale (carpel). In most of the common conifers {e, g,, 



Fig. 65.— Upper, a -winged fruit (double samara) of maple. Lower, a 
maturing pistillate catkin and two leaves of birch. 

pines,, spruces, and firs) there are two seeds to each scale? 
but in some others (e. g,, cedars and jumpers) the number 
varies and there may be as many as twelve. There is a 
bract just below each scale, but in many of the conifers this 
is small and is completely hidden in the mature cone by the 
overlapping scales, and in some genera it is completely fused 
with the scale. In the Douglas fir (Fig. 130) the bract is 
conspicuous in the mature cone. 
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SEED DISPEESAL BY FEUITS. 

Fruits are often of such a nature as to insure the wide 
dispersal of the seeds which they contain. The fruits may be 
dispersed by wind, water, animals, human beings, or by 
special devices possessed by the fruit itself. Among the 
fruits dispersed by wind are those of the maple (Fig. 65), 
the ash, the dandelion (Fig. 54) and the cat-tail. The first 
two produce wing-like outgrowths and the last two have a 
tuft of hairs on each fruit. Fruits of various species of dock 
(Riimex) have corky outgrowths which enable them to 
float, and many other fruits not provided with special devices 
will float for considerable distances. Cockleburs, beggar 
ticks and other fruits are carried by sticking in the tails of 
horses and cattle and in the fur of other animals. Many 
berries are eaten by birds or other animals and the seeds 
pass through the digestive tract without injury. The various 
activities of man scatter fruits widely over the earth and 
result in the germination of seeds in unexpected places. 
Special devices of the fruits themselves which result in seed 
dispersal are illustrated by the twisting pods of the vetches 
and the Scotch broom which throw their seeds some distance, 
and the squirting cucumber which ejects its seeds forcibly. 

Suggestions fob Further Beading. 

The books listed under Chapter I. 
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THE FUNCTIONS OF PLANTS. 


CHAPTER VIIL 
WATER RELATIONS. 

THE NECESSITY FOR WATER. 

The presence of water in the cells is essential to all plants. 
The statement holds for animals also but we are here con- 
cerned with the situation in plants. Water is a large factor 
in the maintenance of form. Soft herbaceous plants wilt 
and droop if they lose too much water, and the leaves of 
many woody ones do the same. These changes in form 
following the loss of water result from the tendency of the 
individual cells to soften or even collapse as they lose water. 
The firmness of a living cell when its vacuole is full of water 
may be compared to the firmness of a tire when it is full of 
air. When a cell has little water in its vacuole it becomes 
soft just as a tire does if it is underinflated. 

Water is necessary for the maintenance of the physical 
condition of protoplasm, and changes which may finally 
result in death follow the excessive loss of water from it. 
Water is a raw material for the manufacture of foods such as 
sugars and starches in plants. It functions also as a solvent 
for solids and gases and as a medium for exchange of these 
between the various parts of the plant. 

The quantity of water in living plants is large. Green 
wood commonly contains from 40 to 50 per cent and in some 
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cases 70 per cent or more; even air-dried wood usually con- 
tains from 8 to 16 per cent; potato tubers are about three- 
fourths water; and the soft parts of rapidly growing plants 
often contain 90 per cent or more of water. 

The water in the plant is mainly in the cells. In living 
cells it is imbibed in the cell walls, and also forms a large 
part of the protoplasm and a still larger part of the cell sap 
in the vacuole. In dead cells such as those making up the 
conductive portions of the xylem of vascular bundles it is 
imbibed in the walls and may also fill the lumen within. 

THE INTAKE OF WATER. 

In ordinary plants water is taken from the soil through 
the roots and then moves up the stem to the leaves and other 
soft parts, where much of it is lost by evaporation. Sub- 
stances dissolved in the soil solution commonly enter the 
plant in the form of molecules or ions (see p. 136). These 
substances are largely inorganic such as potassium nitrate, 
though organic substances undoubtedly do enter the plant 
from the soil. 

The entrance of water into roots is greatly facilitated by 
the presence of root hairs (Fig. 42). Their large exposure of 
surface enables them to make contact with many more soil 
particles than could be reached without them, and their ready 
adjustment of form to the shape of the soil interstices into 
which they grow makes these contacts intimate. 

Water enters the cell walls by imbibition, which is the 
process of the intake of liquid by a solid having no visible 
pores. This process is illustrated by the swelling of dried 
starch grains or of a piece of dried gelatin when placed in 
water. It is also illustrated by the increase in size of a 
small cube of dry wood when placed in water, though in this 
case some of the water may enter the lumen of the cells and 
vessels or even any intercellular spaces present. In all these 
cases imbibition results in an increase in weight as well as 
in size. Imbibition produces a measurable force, as is 
illustrated by the breaking of a bottle when filled with dried 
peas or beans and placed in water for a few hours, or by 
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apparatus arranged so that seeds lift a weight as they imbibe 
water. 

The movement of water from the cell wall to the protoplast 
is usually explained as being due to osmosis. The process in 
this case consists of the movement of a liquid (water) through 
a membrane on the two sides of which are solutions of 
different concentration, the membrane being permeable to 
the liquid (solvent), but not to the dissolved substance 
(solute), and the movement of the liquid being to the solution 
of greater concentration. A concentrated solution contains 
a relatively larger proportion of the solute than a dilute one 
does. It follows from this that a concentrated solution con“ 
tains relatively less of the solvent than does a dilute one. 
For example, a concentrated solution of common salt in 
water contains proportionately more salt and less water than 
a dilute one does. When water moves by osmosis, it goes 
from the solution in which its molecules are more abundant 
(the less concentrated one) to the solution in which its mol- 
ecules are less abundant (the more concentrated one) . 

A membrane permeable to the solvent and not to the solute 
is called a semipermeable membrane. In much of the 
experimental work on osmosis it has been found that the 
membranes used are not strictly semipermeable, but are 
slightly permeable to the solute. In such cases the use of 
the expression differentially permeable leads to clear thinking 
more than does the expression semipermeable. When water 
enters the protoplast, the plasma membrane (see p. 25) 
at its outer surface may be considered as the differentially 
permeable membrane, the solution in the vacuole and the 
protoplasm being the more concentrated one, and the solu- 
tion in the soil and the cell wall the less concentrated one. 
So long as the concentration is greater inside the cell and the 
plasma membrane is impermeable to the substances in solu- 
tion, water will continue to move into the cell until it is 
stopped by turgor pressure from within. 

A few experiments will help to clarify our notions of this 
movement of water. When a concentrated solution of cane 
sugar is placed in a fold of beef bladder and the fold placed 
so that the outside is in contact with water, the water will 
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osmose into the sugar solution. This movement may be 
made more evident by fastening the bladder over the large 
end of a thistle tube, putting the sugar solution into the 
tube; placing the large end of the tube in water and leaving 
its upper end in air. The liquid will rise in the tube due to 
the osmosis of the water through the bladder into the sugar 
solution. In this case the bladder is a differentially perme- 
able membrane, being very permeable to the water but very 
slightly, if at all, to the sugar. 

Plasmolysis experiments (see p. 28) illustrate the move- 
ment of water out of plant cells when the bathing solution 
is more concentrated than the solution inside the protoplast. 
Plasmolysis of the cells of living roots may occur if they 
are placed in a concentrated solution. The entrance of 
water into a tissue and the loss of water from it may be illus- 
trated by using two slices from a potato tuber, placing one 
in a concentrated salt solution and the other in tap water. 
The slice in the tap water swells and becomes very firm 
because of the entrance of water, w^hile the one in the salt 
solution becomes soft due to the loss of water. 

These three experiments all illustrate the movement of 
water through a membrane from a less concentrated to a 
more concentrated solution, when th6 membrane is much 
more permeable to the water than to the dissolved substance 
or substances. Such a movement of water may take place 
from pure water into a solution or from one solution into 
another when there is a difference in concentration, and may 
take place when there are different solutes present in either 
or in both solutions. We might, for instance, have such a 
diffusion of water taking place with a solution of common 
salt on one side of the membrane and of cane sugar on the 
other. 

The tendency of water to osmose into a solution is depen- 
dent not only on the concentration, but also on the extent to 
which the solute is ionized. The osmotic pressure of a solu- 
tion is due to the total number of molecules and ions present 
per unit of volume. Such substances as cane sugar and grape 
sugar form few if any ions in solution, while such substances 
as common salt and potassium nitrate are largely ionized 
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so that both molecules and ions are present in water. Ions 
bear electrical charges and may be composed of one element 
or of a group of elements. A molecule of sodium chloride 
(common salt) dissociates into one sodium ion (Na*^) bearing 
a positive charge, and one chloride ion (Cl~) bearing a nega- 
tive charge, while water yields some hydrogen ions (H+) 
and some hydroxyl ions (OH“). Potassium nitrate forms 
some potassium ions (K+) and some nitrate ions (NOs”). 
It thus must be remembered that the total effect of any sub- 
stance in influencing the diffusion of water into a plant or 
out of it will depend on the particles in solution (total 
number of molecules plus total number of ions) and that 
in Nature such movements of water are commonly due to the 
presence of several substances in the solution outside the 
cells as well as in the solution inside the cells. 

Substances dissolved in soil water or in the bathing solu- 
tion of submerged plants may move into the plant indepen- 
dent of water movements if the plasma membrane is 
permeable to them, so long as the concentration . of the 
substance is less in the cell than in the bathing solution. The 
diffusion of a dissolved substance into a cell may take place 
as a movement of either ions or molecules. 

THE LOSS OF WATER. 

Transpiration is the loss of water from plants in the form 
of vapor. This loss occurs quite largely from the leaves 
because they expose a large amount of surface in proportion 
to their bulk. Water may be lost in vapor form, however, 
from any part of the plant and very commonly is so lost 
from stems, flowers, and fruits. 

Water may also be lost from the plant in liquid form. 
When lost from uninjured surfaces, such as certain points 
on the margin of a nasturtium leaf, or the tips of the leaves 
of young wheat plants in a saturated atmosphere, the process 
is called guttatipn. When water is lost from the breaking 
or cutting of water-conducting organs as in the stem of a 
maple tree, the process is known as bleeding. Water, 
together with certain dissolved substances, may also be given 
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off from the glands of plants in the process of secretion or 
excretion (see Fig. 66) . 

To a certain extent transpiration may be regarded as a 
physical process comparable to the loss of water from any 
other moist object, such as a towel. This is true, however, 
only so far as the relation to external conditions is concerned. 
It does not hold so far as the structure of the leaf and the 
structure of the towel are compared. 

Among the external factors influencing the 
rate of transpiration are the relative humidity 
of the atmosphere, the temperature, and the 
movement of the atmosphere as in winds. 
Relative humidity may be defined as the per 
cent of moisture that the air contains at any 
given temperature, compared with the amount 
of moisture that it would contain at that 
same temperature if it were saturated. It 
is evident that if the relative humidity of 
the air is high it will tend to make the trans- 
piration low, while if the relative humidity 
is low, other things being equal, the trans- 
piration will be high. 

Wind is a large factor in the rate of trans- 
piration. When water evaporates from the 
leaves of a plant the relative humidity of 
the surrounding air is increased. If this 
moisture-laden air is carried away by the air 
movement and replaced by drier air, of course 
the rate of transpiration will be increased. 
Pe^rda^ (Drawn account for the well-known danger 

by E. T. Boden- of hot dry winds to crop plants such as corn. 

In contrast with these external factors 
which have just been discussed we may 
consider internal factors, which include aU the factors present 
within the plant itself. Among the internal factors will be 
the thickness of the leaf, the character of the leaf surface 
(smooth or hairy), the structure of the mesophyll, and the 
number and distribution of the stomates. It is evident, of 
course, that transpiration will tend to be much lower in a 
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very thick leaf, like that of stone crop (Sedum), than it will 
he in a very thin leaf, like that of dandelion. It is also 
obvious that a very hairy leaf (e, g., mullein) (Fig. 144) will 
have low transpiration as compared with that of a very 
smooth leaf {e.g,, skunk cabbage or trillium). Water is 
evaporated from the surface of the mesophyll cells into the 
intercellular spaces and the amount of cell surface exposed 
to these spaces will influence the rate of internal evaporation 
in the leaf. 

Factors other than the thickness of the leaf or the nature 
of the surface may, of course, be important in influencing 
the rate of transpiration. It is never safe to assume that a 
thin leaf will evaporate more water in proportion to its bulk 
than a thick one, or a smooth leaf more than a hairy one 
unless we know how all of the factors operate. Among the 
factors that must be considered are the internal structure 
of the leaf, the amount of colloidal water-holding material 
in it, and the opening and closing of the stomates. 

The stomates have a great influence on the amount of 
transpiration. If they are equally distributed on both 
surfaces, where the sun and wind can have free action on 
the upper surface, the transpiration will probably be higher, 
other things being equal, than if most of the stomates are on 
the lower surface where they are frequently protected from 
the heat of the sun and somewhat from the effects of the wind. 
In addition to the number and distribution of the stomates, 
the opening and closing of the stomates is a factor in the rate 
of transpiration. It is found that, in general, stomates tend 
to open during the day and to close at night, although all 
factors in any given case must be considered before arriving 
at a conclusion in regard to this opening and closing. 

The amount of water lost from leaves by transpiration is 
very large. It has been estimated from reliable data that 
an old apple tree loses about 18 gallons of water per day and 
that a single sunflower plant loses about 17 gallons per season. 
This is . water which has been absorbed in liquid form from 
the soil. 

Transpiration has several interesting effects on the plant. 
One of these is an accumulation of mineral matter in the 


140 


WATER RELATIONS 


leaves. As the water evaporates the mineral matter is left 
behind, and this accounts for the high ash content of leaves. 
This accumulation of mineral matter in leaves is one of the 
reasons why leaves are a valuable constituent of compost 
used in enriching soil. Another effect of transpiration is the 
cooling of the leaf. If a drop of some volatile substance like 
ether is allowed to evaporate on the hand, a very cool sensa- 
tion is produced. Water is very much less volatile, but 
still its evaporation does result in cooling the surface from 
which it evaporates. It is believed by some plant investiga- 
tors that if it were not for the cooling effect of transpiration 
the plant would die from the excessive heat caused by its 
respiration. 

Transpiration is thought by some workers to be harmful 
to the plant rather than beneficial. It is true that plants 
may be killed by transpiring water more rapidly than they 
can take it in from the soil, and the view that transpiration 
is a danger to which the plant is exposed because of the 
structures that make the exchange of gases in photosynthesis 
and respiration possible has considerable support. Among 
the good effects that transpiration has been thought to have 
are; (1) that it cools the leaf, and, (2) that it facilitates the 
intake of mineral nutrients from the soil and their upward 
movement to the leaves. The present state of knowledge 
scarcely warrants firm belief that transpiration is wholly 
good for the plant or wholly bad for it, and it is best to con- 
sider all the facts with an open mind. 

THE RISE OF WATER IN PLANTS. 

It is well known that water reaches the tops of tall trees, 
some of which are 300 feet or more in height. It takes 
considerable energy to raise water to this height, and this 
energy requirement and the mechanics of the movement of 
the water through the plant are very important questions. 
We know that most of the water enters the roots through the 
root hairs, travels through the root cortex into the vascular 
tissues, thence through the vascular tissues of the root, stem, 
and branch into those of the petiole of the leaf and from there 
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into the veins of the leaf, from which it passes into the 
mesophyU cells. 

Water is continuously entering the roots and being given 
off at the surface of the leaves, and it seems probable that 
transpiration plays an extremely important role in this 
upward movement of water through the stems. As water is 
transpired from the mesophyll cells of the leaf a water deficit 
is produced and more water moves in to replace the loss. 
As water is lost from the walls of the mesophyll cells it is 
continuously replaced from the protoplasts and is thus 
drawn from cell to cell and is finally drawn from the supply in 
the vascular tissues of the leaf. Evaporation, acting through 
imbibition and osmosis, will thus tend to cause water to 
move up through the lumen of the vessels or tracheids. It 
seems probable that since there is considerable molecular 
cohesion in water, and since water is continuous throughout 
the plant, evaporation from the top of this column lifts it up. 
It is readily demonstrated that the cohesive force of a column 
of water is amply sufficient to stand all the strain involved in 
this process and that both imbibition and osmosis are capable 
of taking their part in all the exercise of force that is necessary 
to lift this water. Osmosis and imbibition (seepp. 134-135) 
would, of course, act in the root in the entrance of water as 
well as in the loss of water from the leaf. 

The general concept of the manner in which water moves up 
tall plants just outlined is given fully in the two volumes by 
H. H. Dixon (Nos. 2 and 3) listed at the end of this chapter. 

It should be said, however, that some workers believe that 
water is moved up the tree by the pumping action of living 
cells, a view which is quite in contrast with the one just 
outlined. This view is fully set forth in the volume by 
J. C. Bose listed below. 

Suggestions for Further Reading, 

1. Bose, J. C. : Physiology of the Ascent of Sap, London, 1923. 

2. Dixon, H. H.: Transpiration and the Ascent of Sap in Plants, 
London, 1914. 

3. Dixon, H. H.: The Transpiration Stream, London, 1924. 


CHAPTER IX 


THE FORMATION AND USE OF FOODS. 

PHOTOSYNTHESIS. 

Photosynthesis is a process that goes on in green plants 
by which they manufacture carbohydrate foods from the two 
raw materials, carbon dioxide and water, the energy for the 
process being sunlight. This process may be considered 
from two standpoints: (1) the materials involved in the 
transformation, and (2) the energy transformations. We 
might, on that jbasis make two definitions, one of them empha- 
sizing the transformation of materials and the other the trans- 
formation of energy. It seems best, however, to include 
both in one definition. The word photosynthesis is of Ameri- 
can origin and came into use a little before the year 1900. 

Historically our knowledge of photosynthesis has depended 
very much on certain advancements in our knowledge of 
chemistry. It was not until about the year 1800 that we 
began to understand the gaseous exchanges between the 
plant and the surrounding atmosphere. Shortly before this 
time Priestly had discovered oxygen, and various others had 
learned a great deal about oxygen and carbon dioxide and 
their relation to the process of burning and the process of 
respiration in animals. 

It was shortly before this time that Van Helmont, a 
Flemish physician, carried on his famous experiment with a 
plant. This experiment is believed to be one of the very 
first conducted in plant physiology. He started the experi- 
ment in order to try to find an answer to the question, ^'what 
is a plant made of ?'' that is, '^What is the source of the 
material in the plant?" He had seen large plants grow from 
small seeds and questioned how this could be. He took a 
willow cutting weighing 5 pounds, placed it in 200 pounds 
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of earth and watered it for five years with rain water. He 
put the leaves back on the soil. At the end of five years he 
found that the weight of the willow cutting had increased to 
165 pounds while the soil had lost but a few ounces. He con- 
cluded therefore that a tree is nothing but transformed water. 
It is obvious now that his erroneous conclusion was due to 
the lack of knowledge of the gases of the atmosphere especially 
that carbon dioxide in the atmosphere is the source of a large 
amount of the material forming the substance of plants. 

Some carbohydrates present in plants 
are sugars, e. g., grape sugar and cane 
sugar; starches, e, g,, those found in 
corn, beans, and potatoes; and the 
cellulose which is found in the walls of 
many plant cells, such as those of a 
green leaf or a potato tuber. 

The Products. — It does not seem 
probable that starch is the first product 
of photosynthesis. It is much more 
probable that the simpler molecules of 
grape sugar or cane sugar would be 
formed before such complex ones as (Drawn by M. w. 
those of starch, and this view is sup- 
ported by some direct evidence. It is 
found in some cases that when green plants are placed in 
sunlight, oxygen is given off for some minutes before starch 
is formed, and in some plants no starch at all is found though 
sugars are abundant. Starch is readily detected in plants 
because it produces a blue color with iodine and it has thus 
been easy to popularize it as a product of photosynthesis, 
but the evidence now available indicates that grape sugar 
(C 6 H 12 O 6 ) is the more typical early product of photosynthesis. 

It seems to be well established that intermediate substances 
are formed and exist temporarily between the use of the raw 
materials, carbon dioxide and water, and the final production 
of carbohydrates, but there is no very definite evidence as to 
just what these substances are. Among the ones for which 
there is some evidence are formaldehyde, formic acid, and 
carbon monoxide. Belief in the formaldehyde hypothesis 
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has been rather general, but we still lack definite knowledge 
of the steps in the synthesis of carbohydrates. 

The Eaw Materials. Carbon dioxide is present in the atmos- 
phere in the proportion of about 3 or 4 parts in 10,000 of air, 
which seems to be a very small amount in consideration of 
the importance of the process in which it functions as a raw 
material. The carbon dioxide in the air, of course, would 
have been exhausted long ago if it had not been rather 
constantly renewed. Among the sources from which it is 
being renewed are the respiration of all organisms, including 
both plants and animals, combustion (the burning of all 
I kinds of fuel), and the decay of organic matter. It is also 
present in the gases given off to the atmosphere by some 
industrial processes and in the gases emitted from volcanoes. 
From these various sources carbon dioxide is kept at a fairly 
even balance with the use of it in photosynthesis. 

Carbon dioxide enters the plant mainly through the 
leaves. It diffuses through the stomates into the inter- 
cellular spaces of the mesophyll of the leaf. There is no 
mass movement of air through the stomates; the carbon 
dioxide merely moves through them according to the diffusion 
gradient, from where it is more abundant to a place where it 
is less abundant. In the intercellular spaces of the leaf the 
carbon dioxide comes in contact with the moisture of the 
cell walls, is dissolved and thus passes through the cell wall 
into the cytoplasm or even into the vacuole. 

Water is finally conducted from the ends of the veins into 
the same cells which contain the carbon dioxide, and carbon 
dioxide and water thus come into contact with the chloro- 
plasts in the cells and it is there that the union of these two 
takes place, producing the carbohydrates. 

Oxygen is given off as a waste product of this process. 
We speak of it as a waste product because it escapes from the 
plant, while we speak of the carbohydrates as a manufactured 
product because they remain in the plant and are eventually 
used there. The process of photosynthesis may be repre- 
sented by the equation 6 C02+6H20“->C6Hi2G6+602. 

Chlorophyll. —The green substance present in leaves is 
called chlorophyll. This name has been in use for a little more 
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than a hundred years to designate the green pigments found 
in plants. It is present in chloroplasts (Fig. 4 ), which are 
small green bodies in the cytoplasm of the cell. This is the 
condition in which it is found in all the higher plants, but 
there are some exceptions in the lower ones (Fig. 73 ). 

If we grind some green leaves in a mortar with sand and a 
little acetone the chlorophyll readily dissolves. If the 
material is then filtered we get a clear solution of chlorophyll 
in acetone free from suspended matter. Chlorophyll dis- 
solved in this way consists of four pigments. Two of these, 
chlorophyll a and chlorophyll 5 , are green in color; while the 
other two, carotin and xanthophyll, are yellow. Chlorophyll 
a and chlorophyll b both contain the chemical elements, 
carbon, hydrogen, oxygen, nitrogen, and magnesium; the 
chemical formula for the former is C55H7205N4Mg, and that 
for the latter is C55H7o06N4Mg. They are thus very similar 
in their composition, differing only in the amount of the 
oxygen and hydrogen. Magnesium is the only metallic 
element contained in chlorophyll. Iron is necessary for the 
formation of chlorophyll, but does hot form a part of the 
molecule. Carotin consists of carbon and hydrogen only, 
wliile xanthophyll consists of carbon, hydrogen and a very 
small amount of oxygen. The formula for carotin is C40H56, 
and that for xanthophyll is C40H56O2. Carotin and xantho- 
phyll are commonly known as the carotinoids, and they give 
the yellow color to a number of animal tissues and substances, 
among which are egg yolks, the shanks of chickens, the fat 
of many animals, and butter fat. These carotinoids pass 
unchanged from the plant which is used as food into the 
tissues of the animal. 

One of the interesting and important properties of chloro- 
phyll is its ability to absorb certain portions of the visible 
spectrum (Fig. 68b It is well known that if a ray of ordinary 
white light is thrown through a prism of glass it is broken 
up into the colors, red, orange, yellow, green, blue, and violet. 

If this ray of white light, before being thrown through the 
prism of glass is passed through a small bottle of chlorophyll 
a there is a broad black band mainly in the red but extending 
a little into the orange. This means that part of the red and 
10 



Fig. 68. — Absorption spectra of chlorophyll, carotin, and xanthophyll. 
Top, the position of the colors in the spectrum of sunlight, for comparison. 
Next, the absorption bands show when light is passed through a solution of 
chlorophyll a. The degree of absorption is indicated by the relative 
darkness of the bands. Next, absorption bands shown by chlorophyll b. 
Next, those of carotin. Bottom, those of xanthophyll. (Redrawn by per- 
mission from Schertz and Merz’s translation of Willstatter and Stoll; 
drawn by M. W. Phifer.) 
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orange light has been absorbed by the chlorophyll and the 
band' is called an absorption band. Chlorophyll a shows 
seven absorption bands and chlorophyll 6 eight bands. 
These as well as the absorption bands of carptin and xan- 
thophyll are shown in Fig. 68. 

Chlorophyll is now used in various industries and has 
become an article of commerce. It is used to conceal the 
color of some products and to give a desirable color to others. 
It is also used in medicine. Among the products in which it 
is used to conceal the color are cottonseed oil and olive oil. 
It is used to give color to some food products and also to other 
products such as stearin candles and leather. At least one 
form of chlorophyll is sold as a medicine and it is used in 
some secret preparations. 

A full account of chlorophyll, carotin and xanthophyll is 
given in the volume by Willstatter and Stoll, translated by 
Schertz and Merz listed at the end of this chapter. Many of 
the facts presented above are taken by permission from this 
volume. An excellent account of carotin and xanthophyll 
is also given in the volume by Palmer listed at the end of this 
chapter. 

Energy.— Experiments have indicated that the light used 
most efficiently is probably the light near the red end of the 
spectrum. It is definitely known that plants can carry on 
photosynthesis without either violet or ultraviolet light. 
Sunlight furnishes the energy which goes into the process of 
photosynthesis, and all carbohydrates, such as glucose, con- 
tain energy, as we can readily demonstrate by burning them 
and getting the energy in the form of heat, or by eating them 
and getting the energy shown in the various forms of bodily 
activity.' 

Carbon dioxide and water contain much less energy. It is 
evident then, that this process consists of the manufacture of 
compounds of high-energy content from raw materials of 
low-energy content. This means that energy is stored in 
the manufactured products and must get into the plant in 
the course of this process of manufacture. The energy, of 
course, is the energy of sunlight. 

Sunlight is not absolutely necessary since artificial light 
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of sufficient intensity may be readily substituted. In 
substituting artificial light of suitable intensity care must, 
of course, be taken not to heat the plant sufficiently to 
destroy or injure it. 

Demonstrations.— Photosynthesis can be demonstrated in 
several ways. One of these is by putting a water plant in 
water in a glass vessel or test-tube and watching the bubbles 
of gas which are given off from the plant when it is placed in 
sunshine at a suitable temperature. By placing the plant 
under a funnel and inverting a test-tube of water over the 
stem of the funnel, with its lower end under the surface of the 
water in the jar, the gas may be collected and it is found that 
it will cause a glowing splinter to burst into flame, suggesting 
that it is oxygen. In this case we are demonstrating the 
occurrence of the process by means of its by-product. 

Another means of demonstrating that the process of photo- 
synthesis has been going on is to test leaves for starch, which 
is one of the products of the process. If we take a potted 
plant and put it in the dark until its leaves are entirely 
devoid of starch, as shown by testing one of them by removing 
the chlorophyll with alcohol and applying iodine, which gives 
a blue color to starch, we then have a plant which we can 
use in the experiment. If we put this plant in bright sunlight 
for a few hours and then repeat the starch test on another 
leaf we shall find that starch is now present where it was 
absent before the experiment began. In this case we are 
judging the occurrence of the process of photosynthesis by 
the presence of the manufactured product. 

THE FORMATION OF OTHER ORGANIC SUBSTANCES 
FROM CARBOHYDRATES. 

Fats and oils are common in plants and are especially 
abundant as reserve food in fmits (e, g., olive oil) and seeds 
(e. g., castor oil). They contain the same chemical elements 
found in carbohydrates and the investigations that have been 
made indicate that they are probably formed from the 
carbohydrates. 

Proteins are present in all plants; in fact every living cell 
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contains protein. In addition to the carbon, hydrogen, and 
oxygen found in carbohydrates all proteins contain nitrogen, 
and it seems probable that they are formed from carbohy- 
drates by interaction with chemical groups containirig this 
element. 

Many other organic compounds are present in plants. 
iVmong these are glucosides, alkaloids, tannins, and antho- 
cyanins. The first two are constituents of many plants 
used as drugs. Glucosides are found in bitter almond 
seeds and the leaves and stems of willow trees. Among the 
alkaloids found in plants are nicotine in tobacco, morphine 
in poppies, and quinine in cinchona bark. The formation of 
glucosides and alkaloids in plants is not very well understood, 
but such facts as are known indicate that they are probably 
formed from carbohydrates. 

Tannins are astringent substances which are commonly 
found in many plants especially in leaves, bark, and unripe 
fruits. They are abundant in tea leaves, hemlock bark, 
and green apples. The part played by tannins in the metab- 
olism of plants is not well understood, but it seems likely 
that in many cases they are vraste products rather than 
reserve foods. 

„ The anthocyanins are compounds capable of developing 
conspicuous colors such as reds and blues. In their chemical 
nature they are similar to the glucosides. They play an 
important part in the development of brilliant autumnal 
coloring in the leaves of oaks, maples, dogwoods, and other 
trees, and also the color of apples, cranberries and other 
fruits, and* flowers, such as those of geraniums and violets. 

Many volatile oils are also found in plants. They are 
dift*erent in physical and chemical properties from the fixed 
oils which were discussed above in connection with fats. 
Most of the characteristic odors of plants are due to volatile 
oils. Familiar odors due to the presence of volatile oils are 
those of celery, mints, wintergreen, and sweet birch. 

PHOTOSYNTHESIS AND HUMAN EXISTENCE. 

Photosynthesis is a process of the very greatest importance 
to mankind. Men would be unable to continue to live if 
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it were not for this process, since it is the fiindainental 
chemical process in the manufacture of our foods from raw 
materials. It is easy to see, of course, that all our carbo- 
hydrate foods come directly from this process. Oils and fats, 
proteins, and other foods obtained from plants are manu- 
factured by them from carbohydrates, and it is thus clear 
that all of our vegetable food comes from the process of 
photosynthesis. It is also evident that all of our animal 
food can be traced indirectly to photosynthesis, since animals 
live ultimately on plant food. 

Much of our clothing can also be traced directly to this 
process of photosynthesis. Cotton and flax are obtained 
directly from plants. Such materials as wool, leather, fur 
and silk, are derived in one way or another from animals. 
To whatever extent minerals enter into the manufacture of 
clothing we have an exception to the generalization that 
clothing comes directly or indirectly from photosynthesis. 
In so far as our shelters are made of wood or of thatch com- 
posed of leaves or other plant parts, we are dependent upon 
the process of photosynthesis for shelter. 

Much of the energy used in the everyday affairs of life 
also comes indirectly from photosynthesis. All of the 
materials that we use as fuel have originated from photo- 
synthesis. Wood is traceable directly to this process, and 
coal to plant remains. Gasoline and kerosene are traceable 
through the crude oil to their origin in organic materials 
from either plants or animals. 


EESPIEATION, 

Respiration is a process which is carried on by all living 
things, both plants and . animals. It may be defined as the 
oxidation of organic materials in organisms with the release 
of energy. Respiration in its ordinary form is accompanied 
by the taking in of oxygen and the giving off of carbon dioxide. 
The materials oxidized in the plant are probably mainly 
carbohydrates, and glucose (grape sugar) may be taken as 
a typical example of a sugar oxidized in respiration. There 
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seems to be no doubt that other substances, such as fats and 
proteins, are probably oxidized to a certain extent in the 
course of respiration; the carbohydrates, however, seem to 
be the representative substances participating in this process. 
The old view that protoplasm is the substance oxidized in all 
respiration is now not altogether tenable. Protoplasm is 
knpwn, of course, to be a mixture of such substances as 
proteins, carbohydrates and inorganic materials, and no 
doubt some materials which are constituents of protoplasm 
are oxidized, but to consider the protoplasm as necessarily 
the respiratory material does not seem to lead to the greatest 
clearness of thinking on this subject. 

Respiration is in many ways the exact opposite of photo- 
synthesis. Respiration results in tearing down the material 
of the plant, while photosynthesis results in building it up. 
Respiration decreases, while photosynthesis increases the 
dry matter. Respiration is the oxidation of organic materials 
while photosynthesis is the reduction of carbon dioxide. 
Respiration is a continuous process, which in the main is not 
dependent upon light, while photosynthesis is dependent 
upon light, and hence is usually not continuous. Respira- 
tion liberates energy and photosynthesis stores energy in the 
potential form. 

Kinds.— Respiration occurs in some plants in the absence 
of oxygen. This is called anaerobic respiration in distinc- 
tion from aerobic respiration, in which free oxygen is neces- 
sary. In anaerobic respiration the molecules of respiratory 
material are broken down and one part is oxidized by the 
use of oxygen derived from the other. Energy is thus pro- 
duced without the use of oxygen from any source outside of 
the respiratory material, and this type is often called intra- 
molecular respiration. It is the common type in many 
microorganisms and occurs also in some higher plants. 

Demonstrations*— Respiration has been demonstrated and 
measured quantitatively by various devices. Much work 
of this kind has been done on seeds, tubers, roots, and fungi 
because in these photosynthesis is absent and it is easy to get 
data on respiration. Green plants may, of course, be used 
if they are placed in darkness where photosynthesis is stopped. 
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Respiration has been studied by measuring the amount of 
carbon dioxide lost. This is very frequently done by drawing 
the air, after it comes from the leaf, through barium hydrox- 
ide, or calcium hydroxide. By this means a chemical com- 
putation of the amount of carbon dioxide given off is readily 
made. Another way of demonstrating or measuring respira- 
tion is by measuring the amount of oxygen used. Some 
interesting pieces of apparatus have been devised for measur- 
ing both of these substances. 

Products.— The products of respiration in the main are 
carbon dioxide and water, but in some succulent plants, 
such as in the large cacti,, and in some of the fungi, it has 
been found that organic acids are produced instead of carbon 
dioxide. 

The oxidation of glucose to the final products, carbon 
dioxide and water, may be represented by the equation 
CeHi A + 6O2 6CO2 + 6H2O. 

Much energy is set free in the plant by respiration. Some 
of this energy is lost from the plant to its environment, just 
as heat is lost from any warm object to the air. Some of the 
energy is used in the evaporation of water from the leaf and 
some of it is used by the plant in the various processes of 
metabolism. 

Eespiration and Enzymes. —Respiration is promoted by the 
action of enzymes (see p. 154). These are organic substances 
produced in organisms and having the power to promote 
chemical activity. The action of the enzymes involved in 
respiration is rather complex and there is some difference of 
opinion as to just how they operate. It seems probable 
that the action of at least one of them results in the produc- 
tion of free oxygen from certain organic compound in plants 
and that this free oxygen then acts on the respiratory 
materials. 

Factors.— Among the factors in respiration are light, heat, 
water, oxygen, wounds, poisons, organisms, and hydrogen 
ion concentration. Light usually increases respiration, 
possibly because of the increase in the openings of the sto- 
mates, thus allowing more carbon dioxide to diffuse out and 
more oxygen to diffuse in. It is possible also that light 
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increases respiration by increasing the ionization of the 
atmosphere, thus resulting in greater chemical activity. 
Heat has been found to be an important factor in the rate of 
respiration as it is in many other processes of metabolism in 
plants. Heat is an important factor in chemical processes 
and the processes of metabolism in plants are, to a con- 
siderable extent, chemical. Wounds and poisons have been 
found in many cases to stimulate respiration. Anesthetics 
were found to increase respiration in a large kelp {Laminaria) 
and such poisons as cyanides have also been found to increase 
respiration in other plants. The oxygen supply, of course, 
is a factor in ordinary respiration, but there is enough of it 
present in the atmosphere ordinarily so that a slight decrease 
would not be serious. It has been found in many cases that 
diseases caused by organisms cause an increase in the rate of 
respiration. This has been shown in the case of diseased 
apple bark, and in the case of leaf curl of potatoes, the mosaic 
disease of tobacco, and a number of other diseases. 

By hydrogen ion concentration we mean what may com- 
monly be expressed as the acidity or alkalinity of the tissues 
(see p. 352). The question of whether the tissues are acid 
or alkaline has been found to be very important in connection 
with respiration; hydrogen ion concentration undoubtedly 
is an important factor in the rate of this process. 


DIGESTION. 

Digestion is essentially much the same process in plants 
that it is in animals. It may be defined as the transforma- 
tion of foods by the aid of another substance from an insolu- 
ble to a soluble form, or from an indiffusible to a diffusible 
form. In a wider sense it is a change of one food into 
another. A common example of digestion in plants is the 
transformation of starch, an insoluble and indiffusible 
substance, to dextrose, which is soluble and diffusible. 
Although digestion in plants is essentially the same as in 
animals, there are some differences to be considered. Diges- 
tion in the higher animals takes place in highly differentiated 
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organs, while even in the higher plants this is not the case, 
there being very rarely any specialized tissues for digestion. 
In simpler animals, such as the protozoans, which are one- 
celled, we have more analogy to the kind of digestion in 
simple plants, but in the higher plants the lack of digestive 
organs constitutes a striking contrast to the specialization 
in the digestive organs of the higher animals. 

In the definition of digestion previously given it was 
stated that other substances are involved in the transforma- 
tions of the food to the soluble and diffusible form. These 
other substances are the enzymes. We know enzymes 
very largely by their effects; we can readily make water 
extracts from plants which bring about the changes, and 
we call such extracts preparations of enzymes. As an 
example of an enzyme we may take diastase (amylase), 
which accomplishes the digestion of starch to sugar. This 
enzyme can be readily extracted from such plant tissues 
as a potato tuber or sprouted barley, and may be allowed 
to act upon starch. The steps in the progress of the change 
from the starch grains to a soluble sugar can be readily 
followed. Other enzymes which are commonly present in 
plants are inulase, which changes the inulin of a dahlia 
tuber to a soluble sugar, and cytase, which changes the 
hemicellulose present in certain cell walls to such sugars 
as mannose and galactose. 

Other enzymes in plants are lipase, which brings about 
the digestion of fats; and papain, present in the pawpaw, 
which effects the digestion of proteins. 

It is evident, of course, that starches, fats, and other 
substances must be digested before they can be built up into 
tissue. Tissue building is not possible from insoluble or 
indiffusible substances. 
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CHAPTER X. 


GROWTH AND MOVEMENT. 

GROWTH. 

Instead of considering the functions of a plant as indi- 
vidual functions we may look at the effect of all the functions 
and processes, considered together, upon the plant as a 
whole. In this chapter we study the way plants grow and 
move as a final result of all the various processes and 
functions which we have previously studied such as imbibi- 
tion, osmosis, transpiration, photosynthesis, respiration, and 
digestion. We here consider all of them as working together 
within the living plant and coordinating in its development. 

A plant in the course of its life goes through what is called 
the grand period of growth. There will, of course, be 
fluctuations in the growth rate, but in general, there is a 
gradual increase in the rate of growth from a very slow 
start, reaching a maximum, then falling off and finally ceas- 
ing. In the case of a bean plant it was found that on the 
first day the growth rate was 1 millimeter; on the second 
day it was 1|; the third, 2|; the fourth, 5|; the fifth, 7; the 
sixth, 9; the seventh, 14; the eighth, 10; the ninth, 7; and 
on the tenth day, 2. 

In the growth of organs from meristematic tissue three 
stages are evident-formation, enlargement, and differentia- 
tion. Certain changes resulting in maturity also occur in 
connection with differentiation. Cells are formed by the divi- 
sion of other cells and those gradually enlarge and soon begin 
differentiation into the various tissues that make up the 
organ. In stem tips (Fig. 37) and root tips primary growth 
thus forms such tissues as xylem, phlcem, cortex, and epi- 
dermis. In secondary thickening in stems and roots the 
activity of the cambium (Fig. 27) leads by these three stages 
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to the formation of xylem and phloem. In the leaves of 
higher plants the growing region is general and not confined 
to a definite place as in stems and roots, but the stages of 
growth are the same. 

Growth from an apical cell {e. g., the mosses) shows these 
same stages but the amount of differentiation is in many 
cases less than that in plants growing from a group of initial 
cells (meristem), and the term maturation may be appropri- 
ately used for the third stage instead of differentiation. In 
the roots and stems of ferns, however, growth takes place 
from a single apical cell at the tip of each branch and is 
followed by differentiation into distinct tissues. Growth 
in many of the lower plants {e. g., Spirogyra) is not localized 
at all and every cell may divide and form new ones. The 
three stages —formation, enlargement, and maturation are 
evident in these plants also. 


External Conuitions. 

There are certain conditions which are necessary for all 
growth. These are called the formal conditions and among 
them are water, heat, nutrients, and oxygen. All of these 
and some others are factors in the growth rate. The external 
conditions influencing growth will be discussed in the follow- 
ing order— temperature, light (intensity and wave length), 
gravity, nutrients, water, and oxygen. 

Temperature.— In investigating the effect of temperature 
on growth it has usually been found that for each species 
there is a definite optimum at which the plant grows best, a 
minumum below which growth ceases, and also a maximum 
above which growth ceases. It is well known, of course, 
that ordinary plants grow fairly well at the temperature of 
living rooms, although the best growth is usually obtained 
when the temperature is a little above room temperature. 
In investigating the minimum temperatures at which plants 
grow, great variations have been found. Some of the Arctic 
algse grow at almost the freezing point. Some of the beans 
have been found to germinate at temperatures above 45° E., 
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but not below that point. The bacillus of tuberculosis does 
not continue growth below 98° F. 

In considering the maximum it has been found that some of 
the algae grow in springs which are too hot to hold the hand in 
with comfort. Land plants ordinarily do not grow well much 
above 100° F. though some of the succulent plants grow well 
at higher temperatures. 

Light.— Different plants grow under very different light 
conditions. Ordinary weeds^ such as grow by the roadside, 
flourish well in full sunlight, while many of the ferns grow 
only in shaded places. Shading is resorted to in the growth 
of such plants as ginseng and, in some cases, tobacco. 

It has been found that plants grow best in ordinary white 
light rather than in light of any special color. Many plants 
will grow with only a portion of the spectrum and some 
special points in the growth may be improved by colored 
light, but in general, ordinary white sunlight comprising all 
the wave lengths of the spectrum (Fig. 68) is best. 

Plants grown in the absence of light usually do not develop 
green color but appear somewhat yellowish. In addition to 
this these etiolated plants show certain changes in form and 
structure. There is usually a tendency to elongate the inter- 
nodes of the stem, and the petioles of the leaves. The 
leaf blades of etiolated plants are usually small and unde- 
veloped, and there is a general tendency for the leaf tissues 
and organs to remain in an embryonic condition. 

In etiolated plants the mechanical tissues are generally 
very much reduced, hence the stem is likely to be soft. The 
greater growth in length is correlated partially with the devel- 
opment of longer cells and partially with the production 
of a greater number of cells. 

The direction of light is a very important factor in the 
form that the plant assumes. It is well known, of course, 
that many plants turn toward the light. In addition to 
this, however, there are certain effects of light on developing 
cells which are important. In the first division of the egg of 
Fucus it has been found that the direction of the light 
determines which of the first two cells shall produce the cells 
which will eventually form the thallus and which one will 
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produce the first rhizoids. Incidentally, it is interesting 
that this same polarity has been also determined by the 
electric current. 

In some cases it has been found that when an undifferen- 
tiated group of cells, such as that found in the gemmae of 
Marchantia, are exposed to light from one direction, the 
direction of the light will determine which of the cells will 
develop into the upper (dorsal) portion of the thallus, and 
which will produce the lower (ventral) surface. 

Gravity.— Gravity is an important factor in growth. It 
acts continuously on all plants and its direction is constant, 
but plant organs may be placed in different positions with 
reference to its line of action, and considerable changes often 
result from such a change of position. It has been found that 
the stamens and pistils of the flowers of one species of Ama- 
ryllis occupy a different position with reference to the other 
parts of the flower when the developing flower is turned 
downward from what they do when the flower bud opens in 
an erect position. The form of some plants can also be- 
changed by rotating them on an instrument called a clinostat 
so that gravity acts on all sides of them instead of on one 
side only. The position of the spore-bearing parts of a gill 
fungus has been changed by this means. 

Nutrients.— Differences in the amount of various iiutrients 
in the soil often result in differences in the form of individuals 
of the same species. Many plants tend to grow tall when 
nitrogen is abundant. The relative vigor of vegetative 
growth and fruit production in apple trees is much dependent 
on the relative amount of nitrogen supplied to them and of 
carbohydrates produced in them. Calcium is also experi- 
mentally shown to be a large factor in the growth of wheat 
seedlings. 

Water.— The form of many plants is different when grown 
where water is abundant from what it is where it is scarce. 
The relation of moisture to the growth of plants is discussed 
under Ecology (pp. 314, 348) . 

Oxygen.— The influence of oxygen on growth is seen in 
many cases. The common bread mold shows differences in 
form depending upon the amount of oxygen present, and 
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many microorganisms do not grow at all in the presence 
of free oxygen, while others do not grow in its absence 
(see p. 212). 

Internal Conditions. 

Correlation. —It has been found that the organs of a plant 
work together more or less harmoniously in the growth, 
development, and nutrition of the plant. This working 
together is usually spoken of as correlation. Correlation may 
be defined as the control of the amount and character of 
growth in one part of an organism by another part or parts. 

It is found, for instance, in the case of the scarlet runner 
bean that the growth in the early stages of the plant is con- 
tinued from the stem tip, the buds in the axils of the leaves 
remaining undeveloped. If, however, the stem tip is cut 
oft‘, it is found that the two lateral buds nearest it will 
immediately begin development and usually one of these 
will finally produce a stem which will take the place of the 
stem tip that was removed. 

A somewhat similar condition is found in many coniferous 
trees, such as the Douglas fir and the spruce. After a few 
years a young tree which has had its terminal bud removed 
may show only a very slight curvature or scar to indicate 
where the old stem was removed and the new growth from 
the lateral biid occurred. 

There are many tissues in plants which in the ordinary 
course of the growth of the plant never develop further, but 
which, if given a chance because of the removal of the 
inhibiting part, will develop into plant organs. When a 
tree, such as a cottonwood or willow, is cut down, new grbwth, 
or regeneration, will take place from the old stump. This 
usually does not take place from coniferous stumps, though 
the redwood (see p. 286) is an exception. 

We have very little definite information to indicate just 
what is the nature of the control of one part by another in 
correlation. Much study has been given to this subject 
and a number of theories have been suggested but none of 
them seem to have been fully established. It is believed by 
a good many workers that nutrition is in some way a very 
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direct factor in the development, but this does not seem to 
explain fully all cases. Another theory is that parts where 
metabolism is active exercise some sort of control over other 
parts where it is less active. It has also been showm that 
there is a difference in electrical potential in some cases 
between young, actively growing regions and older regions 



-Keg(meration of pale laurel (Kalmia polifolia) after the upper 
portion had been burned off. 


where growth is less active, and it is suggested that the 
mechanism of correlation may be connected with this differ- 
ence. A view held by many workers is that a complex of 
many factors determines in each case whether growth shall 
occur or be restrained in any particular portion of the plant, 
and that the explanation of correlation is to be sought in a 
study of this complex of factors. 
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It seems certain that the harmonious development of all 
parts of a plant is due to the restraining influence on some 
parts by others, and that when the balance is disturbed new 
lines of development follow. We do not, however, under- 
stand just how this influence is exercised. The plant 
evidently is a bundle of potentialities; what it develops into 
depends partly upon its environment and partly on whether 
any of the parts of the plant are artificially removed, or their 
activities inhibited by some means. 

Periodicity.— Many plants undergo a somewhat regular 
periodicity in their growth and development. Periodicity 
may be defined as activity followed by rest. Of course, 
death follows eventually in the normal course of events in 
most cases. In the case of perennial plants, however, the 
alternate periods of activity and rest occur many times 
before death comes. 

In the case of unicellular plants which reproduce by fission 
only, there apparently is no normal provision for death, 
that is, death does not seem to be a part of the regular cycle. 
It may come by accident but not in the course of what we 
ordinarily call old age. 

The periodicity which we most ordinarily think of is the 
yearly periodicity in which plants grow rapidly in early 
spring, continue active during the summer, and go into a 
dormant condition with the coming of winter. There is also, 
of course, a daily periodicity, which may be associated partly 
with changes in light, heat, and moisture. Some plants 
show a periodicity tending toward the production of blossoms 
and leaves at quite unusual times of year and in some plants 
periodicity is largely absent. 

It has been found that periodicity may be readily changed. 
Plants which ordinarily bloom in the spring may be made to 
bloom in winter by bringing them into the greenhouse and 
keeping good growing conditions of temperature and moisture. 
In many such cases, however, plants that are normally 
subject to hard winters will bloom more quickly in the green- 
house in winter if they are allowed to freeze first. 

It has been found within the last few years that length of 
day is a very important factor in the periodicity of plants. 
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The length of day has been artificially shortened in these 
experiments, and some plants which normally bloom in the 
shorter days of late summer were thus made to bloom in 
midsummer. The soy bean is an example of this. Other 
species do not behave in quite the same way, however, and 
no broad generalization can be made. 

Periodicity might be regarded as something inherent in 
the plant or as something which is the result of the inter- 
action of external factors. So many cases have been found 
in which the rhythm can be experimentally changed that it 
seems probable that the interplay of external factors rather 
than an “inborn’' rhythm is the cause of most cases of 
periodicity. 

MOVEMENTS. 

Locomotion. —Movements occur in many plants. This 
may be a movement of the whole plant from one place to 
another (locomotion), or it may be a movement of one or 
more of the organs while the plant as a whole remains fixed. 
Locomotion occurs among simple plants such as the diatoms, 
and bacteria (Fig. 92), and in organisms such as the flagellates 
(Fig. 72) which possess both plant and animal characters. 
Locomotion is common also among spores and gametes, as 
is illustrated by the zoospores and the gametes of Ulothrix 
(see p. 185) and the sperms of the mosses. In all these cases 
locomotion occurs in water, and in all cases except the diatoms 
it is accomplished by means of whip-like processes, called 
flagella in some of the organisms and cilia in others. There 
have been several suggestions as to how diatoms move but 
we have little definite knowledge about their means of 
locomotion. 

Locomotion may appear to be undirected as in the move- 
ments of bacteria and flagellates when they are mounted in 
water and viewed under the microscope, or it may be de- 
termined by differences in light intensity on different portions 
of the medium or by differences in the concentration of 
dissolved chemical substances or of oxygen or other gases 
in the medium. Directed locomotion is called taxic move- 
ment, and each taxic movement is named according to the 
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cause of the movement. Thus, locomotion due to light is 
phototaxy; that due to chemicals is chemotaxy, and that due 
to gases in the medium is aerotaxy. 

Stimulated Movements of Organs.— Many movements of 
plant organs occur in response to external stimuli as is 
illustrated by the sensitive plant {Mimosa) when the whole 
leaf droops and the leaflets fold together in response to the 
contact of some object with the leaf. Gradual recovery 
occurs after a few minutes so that the leaf and the leaflets 
again assume their normal position. In this case the move- 
ments, both of response to the stimulus and of recovery 
afterward, are due to changes in the water content of the 
cells of a swollen portion (the pulvinus) at the base of the 
whole leaf and of each leaflet. Changes in permeability 
allow water to move from the cells of the pulvinus into the 
intercellular spaces and from these spaces into the cells, and 
the movement is thus brought about by turgor changes. 

The word stimulus as used in plant physiology may be 
defined as a change in the intensity of some factor in the 
environment or a difference in the intensity of some factor 
in different portions of the environment. Mechanical con- 
tact is thus a stimulus because the intensity changes from 
zero to a positive quantity, and an increase in the light 
intensity on one side of the plant is a stimulus because it 
creates a difference of intensity in different portions of the 
environment. A change of light intensity all around the 
plant is also a stimulus, though it may result in changes in 
the rate of growth rather than in the movements of organs. 
The use of the word stimulus in plant physiology can lead 
to clearness of thinking only when it is interpreted as meaning 
some definite condition in the environment and an effort 
is made to understand the way in which the stimulus brings 
about the results that are observed. 

Direction of Growth.— The direction in which the organs 
of many plants grow is due to external stimuli, and curvatures 
are often produced by these. Such phenomena are known 
as tropisms and each is named according to the stimulus 
which causes the organ to grow in that particular direction. 
The stems of plants commonly grow erect in response to the 
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influence of gravity, and if a plant is placed in a horizontal 
position the stem tip, or in some cases, even a large portion 
of the stem curves to an erect position. 

The control of the direction of growth in stems by gravity 
is called geotropism. The influence of gravity is seen in the 
erect position of the stems of herbs, shrubs, and trees where 
the stems are strong enough to stand erect and where no other 
external influence such, for example, as light, is stronger 
than the influence of gravity. It may be experimentally 
illustrated by placing a potted plant on its side in the dark 
and observing the upward curvature of the growing tip after 
a few hours or at most a few days. Stems thus show negative 
response to gravity, but most roots show a positive response 
and grow downward unless their direction of growth is modi- 
fied by some other influence, such as differences in water 
content of different portions of the .soil or by differences in 
temperature. 

Curvatures of organs due to differences in light intensity 
are called phototropic movements and the phenomenon is 
called phototropism, while the phenomenon of response to 
differences in temperature is called thermotropism. The 
growing tips of the stems of many common plants are posi- 
tively phototropic and thus grow toward the stronger light. 
Many roots are positively hydrotropic; in fact, the phenome- 
non of hydrotropism is common in the roots of ordinary 
plants. Roots of trees are commonly found to have grown 
20 feet or more toward a source of moisture in the soil and 
often produce dense growth in wells or sewer pipes where 
openings allow their entrance. Hydrotropism in roots is 
readily illustrated by setting into the soil a flower pot (the 
hole in the bottom having been plugged), planting soaked 
seeds in a circle around it and keeping water in the pot. 
The water moves through the wall of the flower pot and 
keeps the soil near it moist and if the rest of the soil is com- 
paratively dry the roots turn toward the moist soil. In 
this case hydrotropism is stronger than geotropism. 

Movements Due to Water Content. —Turgor movements are 
common in plant' organs. A simple case of this is the droop- 
ing of leaves when the amount of water in their tissue becomes 
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siBall due to high transpiration or lack of water in the soil 
or both. Such leaves again assume their ordinary position 
when the conditions are such that their cells have their normal 
water content. Turgor may, of course, be a factor, often 
the limiting one, in the curvature of any growing organ, and 
may be the mechanism through which external stimuli 
produce such curvatures, since if the cells are more turgid on 
one side of an organ than on the other, growth curvature will 
tend to be toward the side on which the turgidity is less. 

In all cases of growth movements in response to stimuli 
there must, of course, be perception of the stimulus before 
response can take place, and if the response is not at the 
point of reception there must be transmission of the stimulus. 
The time element is involved in all these since neither per- 
ception, transmission nor response is instantaneous. 

Many plant organs show movements in response to changes 
in the water content of the cell walls when the cells are either 
dead or at least no longer carrying on active metabolism. 
Such movements are illustrated by the twisting of the two 
halves of the pods of many legumes, such as the Scotch 
broom, whose pods twist as they dry and break open and 
thus scatter the seeds. The teeth of moss capsules also 
bend inward when moist and outward when dry, and the 
fruits of the storksbill (Erodium) coil and uncoil depending 
on whether they are moist or dry. 

Suggestions fob Further Eeauing. 

1. Loeb, J.: The Organism as a Whole, From a Physico-chemical 
Viewpoint, New York and London, 1916. 

2. Loeb, J.: Regeneration from the Physico-chemical Viewpoint, 
New York, 1924. 

3. Osterhout, W. J. V.: The Nature of Life, New York, 1924, 

4. The books listed under Chapter IX.; 
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THE RELATIONSHIP OF PLANTS FROM THE 
VIEWPOINT OF FORM AND STRUCTURE. 


CHAPTER XL 

THE DIVISIONS OF THE PLANT KINGDOM. 

The plant kingdom is divided into four divisions— 
Thallophytes, Bryophytes, Pteridophytes, and Spermato- 
phytes. These four are separated on the basis of technical 
characters, but a general idea of each may be conveyed by 
stating some of the more general characters that are easily 
observed and mentioning some familiar plants belonging to 
each. 

THE THALLOPHYTES. 

The Thallophytes constitute the lowest division because 
their plants are, in general, the simplest in form and structure, 
and their reproduction is carried on by less complex organs 
than those of the higher divisions. Many of the Thallophytes 
consist of a single cell (Fig. 74), and those that are multicellu- 
lar lack true differentiation into root, stem, and leaf. A plant 
body lacking such differentiation is called a thallus, and this 
gives the name Thallophytes (thallus plants) to the division. 
Some of the plants have external differentiation into parts 
resembling stems and leaves (Fig. 82), but the internal 
diff'erentiation is slight, and in the very few that show some 
stem-like tissues approximating those of the higher plants the 
other stem tissues are lacking. The larger kelps (Fig. 82) 
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growing in the sea along the shores show such tendencies 
in form and structure but they are the exception among 
the Thallophytes and not the rule. 

The reproduction of many of the unicellular Thallophytes 
is by division of the mature individual into two new individ- 
uals (Fig. 74), and such a process of reproduction is called 
fission. Reproduction by spores is also common in this 
subkingdom. Some of these spores possess whip-like out- 
growths by which they move through water, and others are 
without such processes and float in water or air, being carried 
by the movements of either medium. In many of the species 
of this subkingdom reproduction is brought about by the 
union of two similar bodies to form a cell which then grows, 
directly or indirectly, into a new plant. In other species 
there is a union of twm dissimilar bodies, one of which (the 
egg) is the female and the other (the sperm) is the male. 

Cells which unite and form a cell which then grows into 
a new individual are called gametes, and gametes may be 
alike or unlike. If the gametes are alike their union is called 
conjugation and the resulting spore is called a zygospore, 
while if they are unlike their union is called fertilization and 
the resulting cell is called an oospore. The cell resulting 
from the union of two other cells, whether they are alike or 
unlike, is called a zygote, and this term includes both zygo- 
spores and oospores. When an egg is produced by a Thallo- 
phyte it is always formed in a one-celled structure (Fig. 76), 
and this distinguishes this division from the Bryophytes 
and Pteriodophy tes in which the egg is produced in a many- 
celled structure (Fig. 106). 

The Thallophytes comprise two groups™^ the algse (Fig. 75) 
and the fungi (Fig. 97). The algse have chlorophyll and 
are thus able to manufacture sugars, starches and other 
carbohydrates from carbon dioxide and water, while the 
fungi do not have chlorophyll and are thus dependent on 
some outside supply for their carbohydrate food. 

Many of the algm have some color other than green, though 
they all have chlorophyll and they are somewhat superficially 
divided into four groups— blue-green, green, brown and red. 
Most of the alga^ of all of these groups grow in water and the 
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others grow in damp places. In fresh water practically all 
of the algae are either green or blue-green, but in sea water 
all four groups are found. 

The fungi comprise, among others, the familiar toadstools, 
mushrooms, puft-balls, and molds, and also the yeasts and 
bacteria which are microscopic. Many of them are para- 
sitic on other plants, and many others grow on decaying 
organic matter. The lack of chlorophyll makes many of 
them somewhat colorless, but a number of species possess 
some other pigment and some of them are conspicuous 
because of their color. 

THE BBYOPHITES. 

The Bryophytes are the next division above the Thallo- 
phytes. They are all small plants and in many of the 
species the plant consists merely of a flat thallus (Fig. 104) 
at most only a few inches in length. Many of them, how- 
ever, are externally differentiated into stem and leaves, but 
even these possess no internal differentiation into stern tissues 
and leaf tissues such as characterize the Pteridophytes and 
the Spermatophytes. They have no roots, though they 
commonly have very simple outgrowths called rhizoids 
through which water is absorbed, as well as by other parts. 

All of the Bryophytes have two generations— a sexual 
one (gametophyte) in which the spores are odspores produced 
by the fertilization of an egg by a sperm, and an asexual one 
(sporophyte) in which the spores are produced without any 
union of cells. These two generations always alternate, the 
the oospore producing the asexual generation and the asexual 
spore producing the sexual generation. This is known as the 
alternation of generations and in all Bryophytes it is readily 
recognized by careful examination, the sexual generation 
being the more conspicuous one and constituting what we 
ordinarily recognize as 'The plant’' in this division. Alterna- 
tion of generations is found in some Thallophytes but it is 
not a conspicuous character of the division as a whole. 
Alternation of generations thus begins in the Thallophytes 
and is completely established in the Bryophytes. The egg 
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of the Bryophytes is produced in a many-celled structure 
and this is the technical distinction from the Thallophytes, 
in which it is produced in a one-celled structure. 

This division comprises the liverworts (Figs. 104 and 108) 
and the mosses (Fig. 110). Two divisions of the liverworts 
have a plant body consisting of a flat thallus only and one 
division has external differentiation into '"stem^^ and 'leaves.’’ 
The liverworts are mostly found in damp places, and a few 
float on water or even grow under water. 

The mosses are familiar plants, abundant as to both species 
and individuals in many places. They are small plants with 
leafy stems and are most common in wet places, though a 
good many species grow in dry habitats. At least one species 
grows submerged in water. 

THE PTERIDOPHYTES. 

The Pteridophytes are mostly larger plants than the 
Bryophytes and a few of them reach tree size, though some 
of them are almost as small as some of the mosses. All 
of them have roots, stems, and leaves and these show internal 
differentiation approximating in complexity that of the 
seed plants (Spermatophytes) . They have vascular bundles 
which function in the movement of water and dissolved 
substances through the organs of the plant. They lack 
seeds, and this character distinguishes them from the Sperma- 
tophytes above them, w^hile the possession of vascular tissue 
distinguishes them from the Bryophytes below them. 

All of them have alternation of generations and both 
generations are usually rather readily seen, though the asexual 
generation is the conspicuous one and the’ sexual one often 
escapes notice. The asexual generation is always the one 
meant when we speak of /The plant’^ of the Pteridophytes 
and this is in contrast with the situation in the Bryophytes 
where 'The plant'' always refers to the sexual generation. 

The division Pteridophytes includes the common ferns 
(Fig. 113), the scouring rushes, or horsetails (Fig. 124), the 
club mosses, and the water ferms. 
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THE SPERMATOPHYTES. 

The Spermatophytes are characterized by the production 
of seeds, and this distinguishes them from the Pteridophytes. 
They are very numerous both as to species and individuals 
and most of the plants with which we are familiar belong 
to this division. Crop plants, weeds, flowering plants, and 
trees are common representatives. They all have leaves, 
stems, and roots and these show a high degree of internal 
differentiation, though in some species one or more of these 
organs is so reduced as to be inconspicuous. All Spermato- 
phytes have alternation of generations and 'The plant'’ is 
the asexual generation, the sexual one being reduced to 
microscopic size. 

They are sometimes spoken of as the flowering plants, but 
since they include the coniferous trees, the grasses, and the 
sedges as well as the plants that bear ordinary flowers, it is 
difficult to define the term flower in such a way as to include 
all of them under this term, and the term seed plants is 
more satisfactory since all of them produce seeds. 

There are two groups of Spermatophytes "-the Gymno- 
sperms, which have naked seeds, and the Angiosperms, in 
which the seeds are produced within an ovary wall. The 
growth of the sterns and roots is always from a group of 
cells called a meristem (see p. 38) and in this the Spermato- 
phytes differ from the Bryophytes and the Pteridophytes 
which (with the exception of a few Pteridophytes) grow from 
single apical cells, one at the tip of each branch. 




CHAPTER XII. 


SOME ORGANISMS WITH BOTH PLANT AND 
ANIMAL CHARACTERS. 

The boundary line between the plant kingdom and the 
animal kingdom is indefinite and there are many organisms 
that cannot be definitely assigned to either. Three common 
groups of such organisms are the Myxomycetes (slime molds), 
the Flagellates, and the Dinoflagellates. 

THE SUME MOLDS. 

There are numerous species of Myxomycetes and they are 
common in many parts of the world. The Myxomycetes 
are commonly known as slime molds and are abundant on 
decaying matter in damp places where the light is subdued. 
They are usually found in forests on old logs and fallen leaves 
and sometimes on soil where it is rich in organic matter. 
They have two conspicuous stages— the plasmodium stage 
(Fig. 70) and the fruiting stage (Fig. 71). The first stage 
consists of a naked mass of protoplasm often grayish or 
yellowish in color which grows rapidly over decaying logs 
or other objects. The plasmodium contains many nuclei 
but has no cell walls and no separating cell membranes. 
It is sensitive to light and tends to creep into dark places. 
It is capable of becoming somewhat hardened and of thus 
passing into a resting state under conditions unfavorable 
to its growth. 

This plasmodium has no chlorophyll and is thus incapable 
of making its own food. It often engulfs solid particles of 
food instead of taking it in the form of solution as is most 
commonly done by saprophytic plants, and this habit to- 
gether with the entire absence of cell walls is among the char- 
acters which make this stage distinctly animal-like. 
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Fig. 70. — Tlie plasmodium of a slime mold (Brefeldia maxima) growing 
on a stump. About one-sixth natural size. This plasmodium was spreading 
at the rate of 2 cm. per hour. (From Macbride’s North American Slime 
Moulds. Copyrighted, 1922, The Macmillan Company. Reprinted by per- 
mission. Photo print by Mr. W. A. Seaman and Mr. John T, Reeder.) 



Fig. 71. A slime mold (Stemonitis pallida) in the fruiting stage. (From 
Macbride’s North American Slime Moulds.) Copyrighted 1922, The Mac- 
millan Company. Reprinted by permission.) 






174 


PLANT AND ANIMAL CHARACTERS 


When the plasmodium produces the fruiting stage its 
activity ceases and nothing is left of it but a mass of tough, 
fiber-like threads. The fruiting stage commonly consists 
of erect stalks each of which bears at its top a spore case 
(sporangium) producing numerous spores with cellulose 
walls, and this stage is thus distinctly plant-like. The 
spore, under conditions favorable for its growth, produces 
another plasmodium. The stages by which this takes place 
differ in the various species, but in many of them the proto- 
plast, when it escapes from the cell wall, moves about 
actively by means of a single flagellum. This flagellum later 
disappears and the protoplast becomes somewhat amoeba- 
like. It may then multiply by division (fission) and the cells 
thus formed coalesce into a plasmodium which is the result 
of the fusion of several myxamoeba— (organisms formed 
from a single spore), 

THE FLAGELLATES, 

The Flagellates (Fig. 72) are one-celled organisms living 
in water and having the power of locomotion by means of one 
or more whip-like processes called flagella. One species, 
Euglena gracilis j often forms extensive scums on stagnant 
water and may even produce a dense growth in the water. 
The cells are green in color, have a nucleus, a contractile 
vacuole, and a red spot which is sensitive to light but they 
have no cell wall. In their active state they are elongated 
and move about by means of a flagellum at one end. In their 
inactive state they lose the flagellum, become rounded in 
form, and may remain dormant for some time. Keproduc- 
tion in Euglena may take place either by direct longitudinal 
division (fission) of the active cells or by the formation of 
several daughter cells by the resting cells. 

Other Flagellates differ somewhat from Euglena. Some of 
them are colorless and some are yellowish or yellow-brown. 
Some of them, especially the colorless ones, may assume an 
amoeba-like form in which they ingest solid food particles. 
In some species the cells form considerable mucilaginous 
matter and are thus held together in colonies. Reproduc- 
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tion by the union of cells is probably entirely lacking in the 
Flagellates. It has been reported in a few cases but the 
reports lack confirmation. 



Fig. 72,'— Euglena (a flagellate), showing nucleus, chloroplasts, eye spot, and 
flagellum. (Drawn by E, C. Angst.) 

The Flagellates are related to the one-eelled Thallophytes 
among plants and to the Protozoans among animals, and 
there is some reason for regarding them as the starting-point 
of both of these groups. Among the plant-like characters 
are the presence of chlorophyll in many of the species and 
the production of daughter cells by the division of a resting 
cell. Among the animal-like characters, are the pulsating 
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vacuole, the amoeboid activities of many species, reproduc- 
tion by longitudinal splitting of the cells, and the entire 
absence of a cell wall in practically all species. Locomotion 
by means of long whip-like processes (flagella) or of shorter 
processes (cilia) is common in one-celled animals and in a 
number of groups classed as plants. 

THE DINOFLAGELLATES. 

The Dinoflagellates are unicellular organisms mainly of 
the sea, but found also in fresh water. Most of them have 
a cellulose wall composed of a number of polygonal plates 
sculptured so that they show attractive patterns. A few, 
however, have naked cells and others have uniformly thick- 
ened cellulose walls. The Dinoflagellates move freely through 
the water by means of two flagella. Some have no chloro- 
phyll and some of them assume an amoeboid form in which 
they ingest small algse and use them for food. No sexual 
reproduction (union of cells) has been found in the Dino- 
flagellates. The most common form of reproduction is by 
division of the active cells, though resting cells which finally 
produce several motile daughter cells are also found. 

Economically the Dinoflagellates are very important since 
they form a considerable portion of the plankton of the sea. 
Plankton consists of small organisms, both plant and animal, 
mainly microscopic, found in both fresh and salt water. 
Such organisms serve as food for larger organisms and are 
thus an important element in the food cycle of fish and other 
aquatic animals that are used for human food. Plankton 
organisms are readily collected by towing a net made of 
bolting silk through the water, and Dinoflagellates have thus 
been collected and studied in many parts of the world. ^ 

Suggestions for FuRtoEK Reading. 

1. Macbride, T. H. : North American Slime Moulds, new and revised 
edition, New York, 1922, 
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THE ALG^. 

The Algae are divided into four groups— blue-green 
(Cyanopliycese), green (Chlorophyceae), brown (Pheeo- 
phyceas), and red (Rhodophyceae). All of these possess the 
green pigment chlorophyll (see p, 144). The first group, 
however, have a blue pigment which partially masks the 
green color, and the third group have a red pigment which 
rather completely masks it. The color of the brown algae 
is due to the fact that the yellow pigments (carotin and 
xanthophyll) which accompany chlorophyll in all plants are 
relatively more abundant. In many land plants the amount 
of chlorophyll is from three to five times as much as that of 
the yellow pigments, while in the brown algae the pigments 
of the two colors are present in approximately equal amounts. 

THE BLUE-GEEEN ALGM (CYANOPHYCE.®). 

The blue-green algae (Fig. 73) are characterized, in addition 
to their color, by the absence of sexual reproduction and 
by the very simple organization of their cells. These are 
characterized by the lack of a clearly defined nucleus and 
the lack of definite chloroplasts. The nuclear substance 
tends to he rather diffuse and is not bounded by a nuclear 
membrane as it is in the other groups of algae and in the 
plants belonging to the other three divisions, and the chloro- 
phyll is diffused throughout the cytoplasm instead of being 
in definite chloroplasts as it is in the other groups of algae 
and in the higher plants. In the simplest blue-green algae 
the plant body consists of a single cell, though the cells are 
often held together in groups by gelatinous material. In 
others the plant body is a chain or a filament of cells often 
covered with a sheath of gelatinous matter. Some of these 
12 
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have resting cells and a few have specialized cells at which 
the chains break, but the differentiation of cells in this group 
is extremely slight, and the functions are, in the main, 
performed by the cells as individuals rather than by the 
chains, filaments, or colonies as groups. The reproduction 
is by fission in the one-celled forms. In the more complex 
forms this is followed by the breaking up of the filaments 
or chains. 



Fig. 73. — Oscillatoria. Filaments showing stages in development. Left, 
a young filament. Middle, a mature one. Right, an old one, breaking at 
two points. The cells show chlorophyll distributed (not in chloroplasts) 
and the absence of a definite nucleus. (Drawn by M. W. Phifer.) 

The blue-green algse (Cyanophycem) are closely related 
to the bacteria (Schizomycetes) and these two groups are often 
placed together under the heading Schizophytes. Their 
relationship is more fully discussed under bacteria (p. 210). 

The blue-green algse are found in both fresh and salt 
water and also on soil, and on stones or other objects in damp 
places. Some of them are found within the bodies of other 
plants (d. the thallus of the liverwort Anthoceros) and 
others on the surface of other plants (e. the rockweed, 
Fums), Some of them combine with fungi in the formation 
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of lichens. In the first of these relations they are endophytic, 
in the second they are epiphytic (see p. 369) and in all three 
they are symbiotic (see p. 364). Some of them endure high 
temperatures and are common in hot springs. One of them 
found on the surface of the Red Sea is red in color and this 
illustrates the fact that morphological characters rather than 
color determine the real basis of the division of the algae into 
the four groups. 

The cells of Gloeocapsa are round and show a distinct cell 
wall with a gelatinous layer over it. When new cells are 
formed by the division of mature ones they are held together 
by this gelatinous matter, thus forming masses, or colonies. 
Each protoplast shows an outer layer of cytoplasm with the 
characteristic blue-green color, and a central nuclear portion 
containing no pigment. The cell division does not involve 
the formation of chromosomes (see p. 26) in the nucleus, 
but does involve the formation of definite chromatin granules. 

Anaboena forms a bluish-green scum on the surface of 
quiet water and its decay often causes an offensive odor. 
Its cells are rounded and are joined together in chains in 
which occur slightly larger cells called heterocysts at which 
places the chains tend to break as they become long. All of 
the cells except the heterocysts continue to have the power 
of division. 

Nostoc forms spherical colonies sometimes as much as 
I inch in diameter, though usually smaller, consisting of 
gelatinous matter in which are embedded chains similar to 
those oi Anabmna, Some of the larger colonies are perfectly 
spherical and have the appearance of dark-colored grapes, 
while the smaller ones may be paler in color and somewhat 
irregular in shape. It is common in ditches and other places 
where the water is shallow and is also found on damp soil 
and rocks. When conditions are unfavorable for growth 
certain cells enlarge, store food, and become resting cells, 
resuming growth when conditions are again favorable. 

Oscillatoria (Fig. 73) has short cylindrical cells joined 
together in filaments, the whole filament being invested 
with a covering of gelatinous material. It forms bluish- 
green masses in water and also in very wet places especially 
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where water is dripping. The cells of the filament are all 
alike, there being no heterocysts, and each cell has the 
power of division. Under the microscope the filaments are 
seen to have a back and forth movement, and this oscillation 
has given the name to the genus. Lynghya is similar to 
Oscillatoria, but occurs in salt or brackish water and has 
larger filaments with a thicker gelatinous sheath. 

Lines of Development.— Though the blue-green algse are 
not commonly regarded as being' important in the evolution- 
ary development of the groups above them, the simplicity 
of their cells suggests that they may represent an early 
stage in the development of cells. The great variety of 
nuclear conditions found during cell division is suggestive 
of progressive changes in the colloidal system constituting 
the cell. 

THE GEEEN ALGiE (CHLOROPHYCEiffi). 

The green algse are distinguished from the blue-greens by 
the presence of a definite nucleus surrounded by a membrane, 
by the presence of chloroplasts, and by the absence of the 
blue color. The plant body may be a single cell, a filament 
(either branched or unbranched), a colony of cells, or a 
thallus. The thallus may be a leaf-like structure one or 
two cells in thickness, a tube whose walls are one cell thick, 
a disk several cells thick, or it may be composed of loosely 
interwoven filaments forming a denser cortex at the surface. 
Some of the one-celled species have cilia and thus have the 
power of locomotion in water and some of the colonies are 
composed of ciliated cells and the whole colony may swim. 
Many of the green algae, however, have no cilia and do not 
have the power of locomotion. Some of them float in or 
on water, some are attached to solid objects, and still others 
form growths on solid objects without having definite 
attachment. They occur in both fresh and salt water. 
The marine species occur mostly between high and low tide 
or a little below low tide. Vegetative reproduction occurs 
by fission. Asexual reproduction occurs by the formation 
of zoospores, and sexual reproduction by the union of similar 
cells (conjugation) or by the union of unlike cells called sperm 
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and egg (fertilization). The cells that unite, whether like 
or unlike, are called gametes, and the cell formed by their 
union is in either case called a zygote, 

Chlamydomonas.—In Chlamydomonas the individual con- 
sists of a single cell showing a nucleus, vacuoles, a cliloro- 
plast, and an eye spot. Locomotion takes place by means 
of two cilia situated at the end of the cell, which is somewhat 
oval in shape. The cilia sometimes disappear and the cells 
thus lose the power of locomotion. Some of the species have 
a red pigment and one of these species (Protococcus nivalis) 
gives the color to the ‘'red snow’"" found on high mountains, 
though the redness of snow is sometimes caused by other 
algse. 

The reproduction is by spores, and those are either asexual 
(formed without the union of cells) or sexual (formed by the 
union of cells). In the asexual reproduction several spores 
are formed within the mother cells and are set free by the 
rupture of the cell membrane. These spores are motile by 
means of cilia and are called swarm spores, or zoospores. 
They grow directly into new individuals of the species. 
Other mother cells, when they divide internally, form cili- 
ated cells which escape and unite in pairs, forming a zygo- 
spore. This zygospore is a thick-walled cell, usually formed 
at the beginning of unfavorable conditions and remaining 
dormant until conditions are again favorable. During the 
continuance of favorable conditions reproduction is mainly 
by zoospores. 

Volvox.™”!!! volvoz the cells have two cilia and are united 
so that a large number of them form a hollow spherical colony 
which has the power of locomotion. A few of the cells of 
this colony become larger than the ordinary ones and divide 
forming new colonies. Volvox also has sexual reproduction 
by means of eggs and sperms produced in certain cells of the 
colony. Fertilization occurs in the cavity within the colony, 
and the resulting oospore when it germinates produces 
zoospores which cohere and form a new colony. 

FlmrocoGcns.-- Pleurococcm forms green mealy growths 
on trees, rocks, boards, flower pots, and other objects in 
damp places. In the northern hemisphere it grows more on 
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the north side of these objects than on the south side if they 
are in the open, though where they are in the woods or other 
shaded places it grows on all sides. Dry conditions inhibit 
its growth, and direct sunlight may also be a factor. Each 
cell (Fig. 74) is an individual plant, though several of them 
may stick together for some time after division. All of the 
functions, both vegetative and reproductive are performed 
by the single cell. The cell has a definite wall, a nucleus, 
and a single large chloroplast which is somewhat lobed. 
The reproduction is by fission only. In unicellular organ- 
isms reproducing by fission only, the mature cell divides 
producing two new cells, and there is in a sense, no such thing 
as parent and offspring. 



Fig. 74:..—FIeurococcus, Upper left, a single cell. Ux>per right, two cells 
recently formiid by the division of one. Below, various stages in cell 
division. (Brawn by M. W. Phifer.) 

Spirogyra.—Spw^^m (Fig. 75) is a fresh water alga in 
which the plant body consists of an unbranched, unattached 
filament. It forms slimy masses in shallow quiet water, 
and when these masses are lifted with the fingers or with 
a stick the filamentous character is very evident. The 
filament is composed of cylindrical cells set end to end. 
Each cell has one or more spiral ehloroplasts, the edges of 
which are somewhat irregular. In each chloroplast are 
embedded several denser bodies called pyrenoids. The 
cytoplasm forms a thin layer just inside of the ceil w^all and 
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within this is the vacuole containing the cell sap,, a watery 
solution which makes up by far the larger volume of the 
cell. The large amount of water in these cells may be shown 
by placing them in a salt solution under the microscope. 
The salt solution draws the w^ater out and the protoplast 
shrinks up occupying only a portion of the space within the 




Fig. 75,—Spirogyra, Top, a single cell, showing nucleus, cytoplasm, and 
chloroplast. A layer of cytoplasm lies next to the cell wall and the nucleus 
is connected with this by strands of cytoplasm. The large spiral body is the 
chloroplast. The characteristic folds of the wall at the ends of the cell 
are shown. Middle, stages in conjugation. Bottom, a zygospore and the 
two cells from which it was formed by conjugation. (Drawn by M. W. 
Phifer.) 

cell wall. The nucleus is situated within the vacuole and is 
connected with the outer layer of cytoplasm by threads of 
cytoplasm extending to the outer layer. 

There is no difterentiation of cells in the filament. All of 
the cells are alike and all of them perform all of the vegeta- 
tive functions such as food manufacture, respiration, and the 
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intake of water. All of these cells are also capable of division 
and in this way the filament grows indefinitely in length. 
Long filaments may break in two and new filaments are 
thus formed by cell division followed by fragmentation. 

Reproduction takes place also by conjugation (Fig. 75). 
In the commoner species this takes place between cells of 
different filaments. Two filaments lying side by side put 
out a short tube-like process from the side of each cell, and 
by the union of the ends of two of these processes, each from 
a separate filament, the cells are joined together, giving the 
two filaments a somewhat ladder-like appearance. The 
wall of the end of each process where they are joined is 
digested and an open passage is thus established between the 
two cells. The contents of the two cells now unite forming 
a thick-walled oval-shaped zygospore in one of them and 
leaving the wall of the other cell empty. Usually the zygo- 
spores are all formed in the same filament. After a time the 
walls break, the zygospores are set free, and after a period of 
rest begin growth and form new filaments. 

The Desmids.— The desmids are unicellular green algse of 
remarkable symmetry and elegance, common in fresh water 
and occasionally found in brackish water. They are common 
on the bottom of pools and on submerged plants, and are 
often found in the plankton of lakes. They are abundant 
on Syhagmm and in the pools of Sphagnum bogs. 
There are numerous species and the forms of the individuals 
are various, such as rounded, crescent-shaped or star-shaped. 
Each individual is composed of two similar parts and there is 
usually a median constriction called the isthmus. Each of 
the halves contains a large chloroplast and the nucleus lies 
between these. The cell wall is composed of cellulose. It 
is composed of two halves and its surface is in many species 
covered with protuberances. In one of the common crescent- 
shaped species there is a vacuole near each end of the cell in 
which the rapid movement of small particles of gypsum is 
readily seen under the microscope. Some species of desmids 
form filaments of very striking appearance. 

■ Reproduction is by fission and also by conjugation. In 
fission, the division of the nucleus is followed by the formation 
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of a wall across the cell between the two chloroplasts. 
Each of the cells thus formed has one of the halves of the old 
celb and by growth at the end next to the new cross wall, it 
forms a new half like the old one. In conjugation the proto- 
plasts of two cells escape from their walls and unite forming 
a zygospore, which by nuclear division produces two new 
desmids. 

is common in fresh water, forming 
dense growths on rocks, wooden floats or other objects. 
The plant body consists of an unbranched filament attached 
by a basal cell which is somewhat different from the others. 
Each cell has a single chloroplast. All of the cells except the 
basal one have the power of division and of thus contributing 
to the elongation of the filament. The asexual reproduction 
is by means of zoospores having four cilia and an eye spot. 
These zoospores may be formed in any cell of the filament, and 
a cell may produce one or more of them. They grow directly 
into new filaments. The sexual reproduction is by means 
of similar gametes, which may also be produced in cells in 
any portion of the filament. Both the zoospores and the 
gametes are produced by the division of the protoplast 
within the cell wall, and this is called internal division to 
distinguish it from the division of a cell into two new ones, 
each having a portion of the wall of the old cell. The gametes 
have two cilia and when they fuse the resulting zygospore 
at first has four cilia, though it soon loses them and becomes 
a resting spore. When it germinates it does not produce a 
new filament directly, but produces several zoospores each 
of which grows into a new filament. Some of the cells which 
look like gametes have been found to grow into new filaments 
and thus function as zoospores. 

Some Marin© Algs&.'—Ulm is a marine alga having a thin, 
flat, attached thallus somewhat leaf-like in form though 
lacking the cellular differentiation of the leaves of higher 
plants. Each cell contains a single chloroplast. The cells 
produce numerous ciliated zoospores and gametes and 
reproduction is similar to that of Ulothrix except that the 
zygospore produces a new thallus directly. Ulva is com- 
monly called sea lettuce and is used for food in some countries. 
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Enteromorpha is a marine alga whose thallus is at first two 
cells in thickness, but later forms a continuous cavity within 
by the separation of the two layers. The mature thallus 
may be round in cross-section and thus make its tube-like 
structure rather evident or it may be flattened and thus 
appear ribbon-like. 

Codinvi (Fig. 77) is a marine alga in which the plant body 
is composed of continuous interwoven filaments giving the 
plant body a spongy character. The swollen ends of these 
filaments or of their branches form a cortex at the surface of 
the thallus. The plant is attached to rocks by a holdfast 
which is composed of filaments continuous with those of the 
rest of the thallus. A species common on the Pacific coast 
of North America occurs in rough water at about the low-tide 
level and has a branched cylindrical thallus sometimes 
reaching a length of 1 foot and a diameter of \ inch. Other 
species differing considerably in form are found in various 
parts of the world. The reproduction is by biciliate gametes 
which in most of the species differ in size, the larger ones 
being sometimes regarded as female and the smaller ones as 
male. The union of these produces a spore which is to be 
regarded as an oospore if the gametes are unlike or as a 
zygospore if they are alike. This germinates immediately, 
producing a new plant. The larger ciliated cells usually 
functioning as gametes sometimes germinate and produce 
new plants without union, and thus function as zoospores. 

Vaucheria.—Fa'z^cAma occurs in felt-like masses of fila- 
ments in fresh water pools and lake margins and on damp 
ground. Its felt-like character is quite evident to the touch 
and distinguishes it clearly from slimy algae such as Spirogyra. 
The plant body is a branched filament (Fig. 76) having many 
nuclei, but no cross walls. If we take the cell wall as a basis 
we say the filament is one-celled, but if we take the nucleus 
as a basis we say that it is many celled. We call such a 
filament a coenocyte, and plants having this structure are 
said to be coenocytic. The young plants show an attach- 
ment to the substratum consisting of a rather colorless por- 
tion having branches called rhizoids. A rhizoid is an out- 
growth having somewhat the appearance of a root of a higher 



plan 

som 

difft 



Fig. 76. — Vaucheria. Top, filaments, showing branching and the absence 
of cross walls. Middle, a portion of a filament on a larger scale, showing 
numerous chloroplasts. Bottom, a portion of a filament, showing an 
o5gomum (left) and an antheridium. (Drawn by M. W. Phifer.) 

notice in moimtiiig portions of the mature plants for exami- 
nation under the microscope. The asexual reproduction of 
Vaucheria is by means of complex zoospores, so large that 
they may be seen with the unaided eye. The zoospore is 
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formed in an enlargement at the tip of the filament cut off 
by a cross wall. It contains many nuclei and has numerous 
cilia, which appear in pairs, one pair opposite each nucleus. 
Morphologically this zo5spore thus corresponds to a mass of 
zodspores such as those produced in Ulothrix. When it 
germinates it produces a new filament. 


Codimn (a green alga). About one-half natural size. (From 
XT. S. Senate Document 190.) 


The sexual reproduction of Vancheria is by the fertilization 
of an egg by a sperm. The egg is produced in a rounded 
one-celled structure (Fig. 76) called an oogonium which 
forms on the side of the filament and is separated from it by 
a wall but remains attached to it. The sperms are ciliated 
and numerous and are produced in a slender curved body 
called an antheridium (Fig. 76) produced near the oogonium. 
The antheridium is separated by a wall, but like the oogonium 
remains attached to the filament. The sperms are discharged 
by the rupture of the wall and move to the oogonium where 
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one of them enters through an opening and fertilizes the egg, 
producing the oospore. In Vaucheria the oospore has a 
heavy wall and is rather more resistant to unfavorable 
conditions than the vegetative phase of the plant. When 
it germinates it produces a new filament directly. One of 
the ways in which Vaucheria differs from the green algae 
previously described is in having gametes that are unlike, 
thus showing distinctly male and female characters. 

Some interesting experiments have been made on Vaucheria 
and it has been found that it responds readily to variations 
in light intensity and in the nature of the solution in which 
it is grown. The continuation of the three phases— vegeta- 
tive growth, zoospore production, and gamete production- 
may be thus varied and some other changes may be made in 
the nature of the reproduction. When the conditions which 
we call normal are restored the plant returns to its usual 
life history. Others of the lower plants have been found to 
be somewhat plastic and capable of showing modifications 
of the individuals as a result of changes in environment. 

Coleoclmte,-- Coleochoete is a fresh-water alga, the plant 
body of which is a flat thallus visible with the unaided eye, 
occurring on the stems and leaves of water plants. One 
common species has a disk-like thallus several cells thick, 
composed of radiating rows of cells. The asexual reproduc- 
tion is by means of biciliate zoospores which may be produced 
in any cell of the thallus. Each of these may grow directly 
into a new thallus. The sexual reproduction is by the fertiliz- 
ation of an egg by a sperm. The antheridium is a simple 
structure produced in the thallus by the division of a cell 
into four cells each of which produces a sperm with two 
cilia. The oogonia are also produced in the thallus usually 
near its margin. When fertilization takes place the resulting 
oospore is thick-walled and, on germination, produces a body 
consisting of several cells each of which produces a zoospore 
that escapes into the water and produces a new thallus. 
This body is sometimes thought of as a separate generation 
and since in the sexual reproduction of Coleochcete it alternates 
with the thallus, the life history of this plant is regarded as 
consisting of an alternation of generations, the sexual genera- 
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tion (thallus) alternating with the asexual generation (the 
zoospore-producing body formed by the germination of the 
oospore). This view is strengthened by the fact that in 
another species of Coleochoete whose thallus is a flat mass of 
fibers the fibers grow around the oospore forming a sort of 
case and the resting stage of the plant is thus a several- 
celled body with an oospore within it. If we define alterna- 
tion of generations as the alternate occurrence of an asexual 
, generation and a sexual generation in the life history of a 

plant then this plant has alternation of generations. If on 
the other hand we take the vie^v that the number of chromo- 
somes (see p. 27) in the nucleus of each cell of the asexual 
generation is double that in the nuclei of the sexual genera- 
tion, then this plant apparently does not have alternation of 
generations. The latter is the situation in the Bryophytes, 
Pteridophytes and Spermatophytes where the alternation of 
generations is universal, and it is described more fully under 
I Bryophytes (p. 239). 

j The Stoneworts.— CAam is a much-branched plant some- 

times almost a foot in length occurring in fresh water. It 
may form dense growths or it may occur as individual plants 
and may come practically to the surface or be at a little 
greater depth. It is attached to the substratum by rhizoids. 
Some of the species are encrusted with calcium carbonate 
; being thus hard to the touch, and this fact has given the 

name stonewort to the family of plants to which they belong. 
I The plant consists of nodes, at which there are numerous 

whorled branches, and elongated internodes between these. 
These branches are limited in their elongation and thus have 
a definite and fairly regular length, but at some of the nodes 
other branches also occur which have indefinite growth and 
thus become much elongated. The elongation of the main 
axis and of these long branches is by the continued transverse 
division of an apical cell. Each cell thus cut off is again 
divided by a transverse wall and the lower one elongates 
forming the one-celled internode often several centimeters in 
length, while the upper one continues to divide and forms 
a disk of cells at the node and also forms the lateral branches 
and in the base of the plant forms the rhizoids. 
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The vegetative reproduction takes place by means of 
special tuber-like bodies. There is no asexual reproduction 
but the sexual reproduction is rather complicated. The 
oogonia and the antheridia are both large enough to be seen 
with the unaided eye, and the latter are conspicuous because 
of their orange color. They are both borne at the nodes and 
are usually close together. The oogonium begins its develop- 
ment as a single cell, but is later surrounded by five spirally 
arranged cells forming a projecting crown at the summit, and 
a single cell is also cut off at the base by division of the original 
cell. The antheridia arise by the division of a mother cell 
into eight cells from which is finally produced a complicated 
hollow globular structure producing numerous spiral sperms, 
each having two cilia. When the oospore germinates it 
produces a segmented filament with rhizoids, and the plant 
body is formed by a lateral growth from this filament. 

Nitella is another genus of stoneworts occurring commonly 
in lakes and ponds and having much in common with Chara 
in its structure and reproduction. Its long internodal cells 
furnish excellent material for observing under the microscope 
the circulation of protoplasm in the cell. 

The Diatoms, ““-The diatoms (Figs. 78 and 79) are unicellular 
plants occurring in great numbers in both fresh and salt 
water. They are found in torrid, temperate and Arctic 
regions and in both still and running water. They are com- 
mon in lakes, ponds and pools and are also abundant on 
stones in clear, cold, swift mountain streams and are even 
found in soil. They are probably more nearly universal in 
their distribution over the earth than any other group of 
plants except the bacteria. 

The cells are mostly brown in color because of the presence 
of one or more brown bodies called chromatophores. Chloro- 
phyll is present in these bodies but does not show, probably 
because of the abundance of the yellow pigments that accom- 
pany it. In nearly all of the species the cell wall contains 
so much silica that it is hard and rigid. This wall is very 
resistant and endures conditions that would destroy ordinary 
cellulose or lignin walls, and fossil diatoms are thus very 
common. It is not destroyed by heat or by the action of 
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even strong acids. The wall is composed of two parts 
overlapping somewhat as an ordinary paper box and its 
cover overlap. The overlapping portion is called the girdle. 
The wall is sculptured with lines, dots or grooves and many 



Fig. 78 Fig. 79 


Fig. 78.— -A diatom {Namcula asper) valve view. The nucietis is ia the 
center of the cell. The straight line extending lengthwise is the raphe. 
The diagonal lines radiating from this are markings on the silicions cell wall. 
The stippled portion at each side represents a chromatophore. The circles 
represent oil globules. Magnified about 500 diameters, (Drawn by E. C. 
Angst.) 

Fig. 79.— Girdle view of the same diatom shown in Fig. 78. The two 
straight lines extending lengthwise of the cell mark the borders of the 
overlapping portion (girdle) of the two halves of the silicious wall. The 
chromatophore lies under this and projects from it at each side. Six thick- 
ened portions (nodules) of the wall are shown (two at each end and two in the 
middle). Magnified about 500 diameters. (Drawn by E. G. Angst.) 

of the species are extremely beautiful when seen under the 
microscope. This has led to calling the diatoms ‘^the jewels 
of the plant world.^^ 

'Diatoms are extremely various in shape. Some species 
are boat-shaped, some (Fig. 80) are like a circular disk, some 
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triangular, some are like straight rods, others like curved 
rods, and the form of others is quite complex. Every diatom 
has two aspects (Figs. 78 and 79) and its shape may not 
appear the same when seen in these two aspects. The two 
halves of the cell are called the valves and the part where 
they overlap is called the girdle. We may thus see the diatom 
from the girdle view or the valve view and the two are often 
quite different in shape and sculpturing. In the case of 
flat disk-like diatoms the valve view only is likely to be 
seen, but in some others both views of various individuals 



Fig. so.— “S im shield” diatom (Heliopelta), Magnified about 400 diam- 
eters. (Photomicrograph by G. H. Needham.) 

of the species may he seen. There is usually a cleft in the 
valve called the raphe. In many forms there is a rounded 
nodule at each end of the raphe and in some at its middle 
also, and the raphe thus gives a rather characteristic appear- 
ance to the valve view. The valves are rather thin and in 
many of the spe<*ie.s the chromatophores and sometimes the 
nucleus can be seen. Much of the reserve food of diatoms 
is in the form of oil, and the yellow, highly refractive oil 
droplets are frequently seen. Small circular cavities, or 
aeroles, are sometimes present in the substance of the wall 
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itself and these may appear to be in the protoplast. There 
are often pores present in the walls through which the 
gelatinous secretion of the protoplast is extruded. 

There is commonly a gelatinous pellicle over the silicious 
shelh and in many species the cells are united by this gelatin- 
ous matter and thus form colonies. These colonies may be 
branched or unbranched, and may be attached to plants or 
other objects in the water or they may be free-floating. In 
some of the attached forms there is a long gelatinous stalk 
with a single cell at the end. Some colonies are in the form of 
zigzag chains whose cells are rectangular and are joined 
together at the corners. 

The reproduction is of two kinds— fission and conjugation. 
In fission the protoplast divides, the two halves of the wall 
separate, and each of the new cells then forms a new half 
wall whose edge fits within the edge of the old half. This, 
of course, results in constantly decreasing the size of the cells, 
and eventually a cell called an auxospore is formed by a 
protoplast which frees itself entirely from the old silicious 
wall, and then forms an entirely new wall. By this means the 
size of the cell is increased. 

Conjugation takes place by the union of two nuclei, 
which may be from the same diatom, or from two separate 
diatoms, and is sometimes a rather complex process. In all 
cases, however, the resulting spore is at first a naked proto- 
plast, called an auxospore and this forms an entirely new 
wall. This auxospore differs from the one described above 
in being sexually produced, but both serve to rejuvenate 
the species. 

Many diatoms have the power of locomotion, but this 
seems to be accomplished by creeping on a solid surface and 
they are probably not free-swimming organisms. No cilia 
or projecting processes have been found, and it seems most 
probable that locomotion is accomplished in some way by 
means of the gelatinous pellicle. 

Diatoms are economically important in several ways. One 
of them is that they are a large primary source of food for 
aquatic animals such as fish. Some fish feed directly on 
diatoms and others feed on small animals which depend 
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finally on diatoms for food. The food cycle of aquatic animals 
must in all cases involve somewhere an organism that can 
synthesize its own food, and this usually is the diatoms or 
other algic. Diatoms, in the form of diatomaceous earth, 
are used for insulating material, especially in heat insulation, 
and they are also used as a filler in manufacturing explosives. 

Lines of Development.™ The lines of development seen in 
the green alga^ here described may be grouped under three 
heads: (1) the cell; (2) the plant body; and, (3) the method 
of reproduction. 

1. All of the green algm, as stated before have a definite 
nucleus, surrounded by a membrane, and have the chlorophyll 
in definite bodies called chloroplasts. In these particulars 
their cells show a distinct advance over those of the blue- 
green algm. 

2. The plant body may be a single-cell motile by means of 
cilia {Clilamyd(mmias)\ a single-cell motile without cilia 
(many diatoms); a colony motile by cilia (Vokox); a single 
non-motile cell (Pleurococcus) ; an unbranched filament 
(S'pirogyra) ; a branched filament (Vaucheria); a thin thallus 
( Uha ) ; a tube whose walls are one cell thick {Enteromorpha ) ; 
a thallus several cells thick {ColeochcBte) ; or a thallus composed 
of filaments forming a cortex at its surface {C odium). Many 
of these are distinctly more advanced than any of the blue- 
green algge. The plant body in many of the green algse is 
attached and this is also a character not found in the blue- 
green algse. 

If we include Chara and NiteUa with the green alg^e we 
have a stem-like body with whorled branches, showing local- 
ized growing regions and considerable differentiation among 
its cells such as rhizoids, nodal cells, and internodal cells. 
It makes little difference in tracing lines of progress whether 
we place these plants with the green algae as advanced forms 
or regard them, as is often done, as a separate group between 
the green alga? and the Bryophytes. 

3. Reproduction may be by fission {Chlamydomonas, 

Pleurococcus i desmids, and diatoms); by several ciliated 
cells resulting from the internal division of a cell (UlothriXf 
Ulm^ and by a large, miiltinucleate, multi- 
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ciliatezo5spore(Fa^^cAma); by the union of similar vegetative 
eells to form a zygospore (Spirogyra); by the union of similar 
motile gametes ( UlothriXj Uha, and Enieroinorpha) , of large 
and small motile gametes (Codium); or by the fertilization 
of an egg by a sperm {Vaucheria and Coleochcete) . There is 
also a sort of alternation of generations in Coleochcete, though 
it must be remembered that this plant has not been definitely 
shown to qualify as an alternation by the chromosome test. 

In many of these characters the green algse show characters 
that are suggestive of progress toward the higher plants, 

THE BEOWN ALG^ (PHiEOPHYCEJl). 

Nearly all of the brown algae are marine. The plant body 
is attached and varies from filaments a few inches in length 
as seen in Ectocarpus and its close relatives to structures 
100 feet or more in length and showing considerable differ- 
entiation both in external form and internal structure, as 
seen in the large kelps (Fig. 82) . The brown algae do not form 
starch, but they do form other complex carbohydrates and 
some of them contain compounds closely resembling the 
sugars of the higher plants. 

Ectocarpus.— Ectocarpus grows in salt water and is attached 
to the substratum or to other plants. It consists of multi- 
cellular, branched filaments showing either a single row of 
cells or several parallel rows. Zoospores which are laterally 
biciliate and develop directly into new filaments are produced 
in one-celled sporangia, which may be at the end of a few- 
celled lateral branch or in the filament itself. The gametes 
are also biciliate and are produced in many-celled structures 
called gametangia which, like the zoosporangia, may be 
either in the filament itself or on short branches. In some 
cases the gametes are of two sizes and the process of union 
is said to resemble the fertilization of an egg by a sperm. 
Some of the ciliated bodies produced in the multilocular 
gametangia are thought by some to germinate without union 
thus producing new filaments directly, and for this reason 
the structure is often called a sporangium instead of a gamet- 
angium. 
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The Kelps. --"Lammana (Fig. 81) is a geniis of leathery 
leaf-like kelps found near low tide and at greater depths on 
both coasts of North America and in other parts of the world. 
In one common species the plant body is several feet in length 



Fig. 81. — A kelp {Laminaria) ^ showmg blade-like portion (frond) stalk 
(stipe) , and holdfast. Much reduced in size. (From U. S. Senate Docu- 
ment 190.) 

and the stipe is short and is attached to stones or other objects 
by a branched holdfast. The zoospores are laterally biciliate 
and are produced in cells at the surface of the blade-like 
portion of the plant. It shows alternation of generations, 
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the plant ordinarily seen being the sporophy te. The zoospores 
produce small filamentous male and female gametophytes. 
These produce eggs and sperms, and from the oospore 
resulting from fertilization the sporophyte is produced. 
Some species have a perennial stipe on which a new blade 
is produced each year from meristematic tissue, the old 
blade being pushed off by the growth of the new one. 


Nereocystis (bladder kelp) (Fig. 82) is a large marine 
pMnt found abundantly on the Pacific Coast of North 



Fig. 82 .— a plant of bladder kelp (Nereocystis) photographed on a beach 
on Kodiak Island, Alaska. This kelp grew in a nearby bed in water about 
40 feet deep. The holdfast, attached to a rock, lies on the beach at the 
extreme right. The rope-like portion of the stipe is held by the first man 
and the bulb and the bases of the fronds by the second. The fronds are 
held by the other two. (From Report 100, U. S. Department of Agriculture.) 

America. It occurs below extreme low tide and is often 
in water 30 feet or more deep. It has a long rope-like stipe 
anchored to a rock or other object and enlarging upward 
into a hollow bulb-like float on which are borne two groups 
of long ribbon-like fronds. The whole plant is very com- 
monly 40 feet long and sometimes reaches a length of over 
100 feet. It thrives in strong tideways, and the hollow 
portion and the fronds often form a dense covering on the 
waters which impedes the navigation of small boats. The 
growing region is the upper portion of the stipe and the 
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lower portion of the fronds. In the very young plants 
(Fig. 83) there is only one frond and this splits at the base, 
thus producing the two groups of fronds as growth continues. 



Fig. 83. — A young bladder kelp with 
one frond showing the basal splitting 
resulting in the formation of two 
groups of fronds in the mature plant. 
(From Eeport 100, U, S. Department 
of Agriculture.) 



Fig. 84. — Sieve tubes in the 
hollow portion (pneumatocyst) 
of bladder kelp. The sieve tubes 
form a cobweb-like layer on the 
inner surface of the pneumato- 
cyst, which was split in two. 
The black band at each side is 
the cut surface of the pneuma- 
tocyst wall. (Photograph by 
C. M. Child.) 


The hollow portion of the stipe has a cobweb-like layer 
of very small tubes on its inner surface (Fig. 84) which are 
similar in structure and function to the sieve tubes of higher 
plants. Laterally biciliate zoospores are produced in 
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patches on. the fronds, and the plant described is the sporo- 
phyte. The gametophytes are of two kinds, male and 
female, and are similar to those of Laminaria. This kelp 
is apparently annual, the small plants being visible in quiet 
water at low tide in early spring, and reaching maturity in 
summer. It is not definitely known, however, how long the 
sporelings exist before becoming large enough to be visible. 
During the winter most of the old plants break loose from 
i| their anchorage on the rocks and drift away so that by 

* spring the beds have practically disappeared. 

Macrocystis is a perennial kelp forming dense beds in the 
ocean along the California coast and other parts of the Pacific 
Coast of North America. It has numerous small fronds 
with a bulbous float at the base of each. 

Both of these large kelps and a few others have some eco- 
nomic importance. They contain considerable potash and 
are an available source of it if the price should be high. 
Organic acids, acetone, and high-grade charcoal can be 
made from them. All of these products have at various 
times been prepared from these kelps on a commercial 
scale. The kelps also contain much colloidal matter of a 
gelatinous character, and soap is made from this. They 
also contain iodine, but the quantity of this is small. 

The name kelp is applied to all of the plants belonging to 
the family Laminariacese. There are several other genera 
besides the three described above. One of the most remark- 
able of these is a plant that flourishes on rocks in 

heavy surf and has an erect stipe, a foot or more in height 
with a dense cluster of ribbon-like fronds at the top, the 
whole plant thus having somewhat the appearance of a small, 
very flexible palm tree. 

Rock Weed.— Fueus (Fig. 85) is common on both coasts 
of North America and in many other parts of the world, 
occurring mainly between high and low tide. The thallus 
is a forked leathery body (Fig. 86), usually a foot or less in 
length, flat above and showing a midrib, but rounded below 
and attached to stones or other objects by a disk-shaped 
holdfast. It is commonly called rock weed, or bladder wrack. 
Some of the species have inflated bladdery portions along 
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the thallus, and these and the thickened ends of the thallus 
where the sperms and eggs are borne often break with a 
popping noise when the plants are stepped on at low tide. 
It has no asexual reproduction. The sexual reproduction is 
by the fertilization of eggs by sperms. The eggs are produced 
in oval-shaped, short-stalked oogonia (Fig. 88), eight to each 
oogonium, and the sperms are produced in large numbers in 
small antheridia, borne on slender, branched filaments. Both 
the oogonia and the antheridia are borne in thickened 


Fig. 85. — Dense growth of rockweed (Fucus) exposed at low tide on an 
Alaska beach. (Photograph by S. M. Zeller.) 


portions at the ends of the branches of the thallus (Fig. 87). 
They are on the inner surface of the cavities called concep- 
tacles which open to the surface of the thallus through a 
slight elevation. Sterile hair-like processes called paraphy- 
ses also grow from the inner surface of the conceptacle and 
some of these project from the opening. Eggs and sperms 
are commonlj^ discharged into the sea water and fertilization 
usually takes place outside of the plant. The oospore 
germinates, producing a new thallus. In the first division 
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of the cell by the cross wall the two cells formed are similar 
in appearance, and one of them functions as a rliizoid cell, 
eventually by continued divisions producing the holdfast, 
while the other one produces the distal portions of the 
thallus. It has been found that it is not necessarily pre- 
determined which of these cells functions as the rhizoid 
cell, but that this may be governed experimentally either by 
light intensity or by the direction of an electric current. 
The growth is localized and results from the continued divi- 
sion of an apical cell. The forking of the thallus results 
from the more rapid growth of the cells at the sides of this 
apical cell. 



Fig. 86. —A Fucus plant growing on a small stone. This plant shows the 
characteristic forking of the thallus. The oogonia and antheridia are 
borne in cavities (conceptacles) near the tips of the branches. (Photograph 
by S. M. Zeller.) 


The thallus of Fucus is composed of loosely arranged 
fibers and it also contains much gelatinous matter. The 
toughness of this thallus enables it to stand the rough treat- 
ment that it receives in the beating of waves on the shore. 
On hot summer days at low tide this thallus is exposed to 
dry conditions and rather high temperatures, while a few 
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hours later it is again submerged in sea water and subjected 
to a much lower temperature. The mucilaginous matter 
probably assists in resisting drying and also in initiating 


Fig, 87. —“Fruiting tips of Fucms, Each raised spot marks a conceptacle. 
(From Report 100, U. S, Department of Agriculture.) 


Fig. 88. — Sections of conceptacles of Fucus, Left, antheridia and 
paraphyses. Right, oogonia and paraphyses. Several oogonia show stages 
in the formation of eggs. (Drawn by M. W. Phifer.) 


the extrusion of eggs and sperms from the conceptacles. The 
thallus has the power of regeneration, new growths being 
formed where portions of the old thallus have been worn 
away. The thallus of one species of Fucus is used as a 
medicine. 
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Lines of Development. —Some of the outstanding characters 
of the brown algse are: (1) the development of a rather 
highly differentiated body, such as that of the large kelps, 
which has some points in common with the body of the higher 
plants; (2) the localization of meristematic tissue resulting 
in the annual production of new parts as in some species of 
Laviinaria; and, (3) the laterally biciliate zoospores and 
sperms as contrasted with the apically biciliate ones of the 
green algse. Definite alternation of generations is also 
established, the asexual generation (sporophyte) being 
characterized by the 2X (diploid) number of clmomosomes 
in the nucleus, and the sexual generation (gametophyte) by 
the X (haploid) number. 

THE RED ALGM (RHODOPHYCEiE). 

The red algae are nearly all marine and all of them are 
attached to the substratum. They occur between high and 
low tide and also at deeper levels down to 150 feet or more. 
The green color of the chlorophyll is completely concealed 
in many of them by a red pigment, but in others the char- 
acter or amount of this pigment varies, and the plants show 
a purplish or reddish-brown color. The chromatophores 
are of various shapes and there are many of them in each 
cell. The red algse do not contain true starch, but do contain 
a reserve food which produces a red color when treated with 
iodine, instead of the blue color given by the true starch of 
most plants. 

The vegetative body varies from small, delicate, branched 
filaments to a flat thallus 2 feet or more in length, composed 
mostly of matted filaments. Many of the delicate filamen- 
tous species are very beautiful because of their form and 
color, and are often collected and pressed on cards for this 
reason. Some of the larger filamentous species are encrusted 
with lime and have a coral-like appearance. These usually 
occur on rocky shores where the surf is strong. 

Nemalion.—The thallus of Nemalion is a cord-like, branched 
structure a few inches long, and thick enough to be seen 
with the unaided eye. It is composed of delicate longitudinal 
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filaments held together by gelatinous matter and radiating 
in a somewhat fan-shaped form at the tips. Each of these 
filaments is composed of a single row of slightly elongated 
cells. 

The antheridia are produced in clusters at the end of a 
branch of a filament, and the bodies corresponding to the 
motile sperms of the sexual green algae are non-motile and 
are called spermatia (sing., spermatium). The structure 
producing the female nucleus is called a procarp. It has an 
enlarged base and is prolonged upward into a slender process 
called the trichogyne. The spermatium lodges against the 
trichogyne, an opening is formed in the wall of each, and the 
spermatium nucleus passes down to the base of the procarp 
where it fuses with the female nucleus. The trichogyne 
then shrivels and the union of the male with the female 
nucleus is followed by the production of a cluster of short 
filaments at the end of each of which is produced a spore 
called a earpospore. The whole structure produced as the 
result of this fertilization is called a cystocarp. It consists 
of the central base of the procarp, the filaments and the 
carpospores. The carpospores are asexual and when they 
germinate the\’' produce the sexual filaments forming the 
thallus. It has been thought that in the alternation of 
generations in this plant the cord-like thallus is the gameto- 
phyte and the cystocarp the sporoph 3 le, but some recent 
work has created doubt about this. According to this work 
the sporophyte consists of only one cell, and all of the visible 
parts of the plant are gametophyte. 

Polysiphonia and Rhodymenia. — Polysiphonia (Fig. 89) 
consists of clusters of multicellular branched filaments 
tapering at the tips. As seen under the microscope the 
filament appears segmented, each segment being composed 
of a few parallel longitudinal cells all of the same length. 
When a filament is crushed or a cross-section is made, it is 
evident that each segment is composed of a central cell with 
the other cells arranged around it in a single layer. 

The plants are all alike in their general vegetative struc- 
ture, but in their reproductive parts they are of three kinds— 
male, female, and asexual. The asexual plants produce 
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spores which are borne in fours and are called tetraspores 
(Fig. 89). A sporangium is produced on the side of the 
central cell of an internode, and its contents, by division, 
produce t^he four spores within the sporangium wall. These 



Fig. H9.~-Poli/(iiphonia. Tip of a filament of a tetrasporic plant, showing 
branching and stages in the formation of tetraspores (bottom of filament) 
from spore mother cells (near tips). Below, an older tetrad of spores 
breaking the filament as they mature. (Drawn by M. W. Bhifer.) 

tetraspores escape from the filament and produce the male 
and the female filaments (Fig. 90), which have organs some- 
what similar to those of Nemalion, The whole antheridium, 
however, is cast off and functions as a sperm, and the procarp 
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differs from that of Nenialion in including several vegetative 
cells in addition to the egg-producing portion and the tri- 
chogyne. When fertilization occurs a rather complicated 
growth takes place involving some of the surrounding vegeta- 
tive cells, and the resulting c^^stocarp (Fig. 90) is an urn- 
shaped body with a wall around it within which are borne 
the club-shaped carpospores. When these carpospores 
germinate they produce the tetrasporic plants, and the life 
history is thus complete. 




Fig. 90 .~-Poly,riphonia. Left, portion of a filament and a cystocarp with 
carpospores. Bight, portion of a filament with an antheridium and three 
small vegetative branches. (Drawn by M. W. Phifer.) 

It is evident that the sporophyte phase here consists of 
two parts ""the cystocarp and the tetrasporic filament --the 
cystocarp being attached to the female filament. The 
sporophyte phases have the 2X (diploid) number of chromo- 
somes, and the gametophytes have the X (haploid) number. 
The number of chromosomes in this case is 40 in the sporo- 
phyte and 20 in the gametophyte. 

Rhodymenia has a thallus often reaching a length of 2 
feet or more and a width of several inches. It is attached to 
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stones, shells, or other objects and occurs at a depth of 
several fathoms. It is found in the sea along both coasts 
of North America and in other parts of the world. 

Economic Uses. “Several of the red algae are made use of 
by man. Agar agar, which is widely used in preparing 
solid media for the growth of microorganisms in laboratories, 
is prepared from Gracilaria and other red algae. A species of 
Rhodymenia constitutes the food called dulse used in some 
European countries, and a species of Iridoea is dried and 
used as food by the natives in some portions of Alaska. 
Certain red algae are also used as food in Japan. Irish moss, 
or carrageen, is a medicine consisting of the thallus of either 
Chondms crisjpus or Gigartina mamillosa. 

Lines of Development.— One of the striking characters of 
the red algae is that, though they grow in water, no motile 
bodies are concerned in their reproduction, both the male 
gametes and the tetraspores being without cilia. The 
fact that the spermatia are non-motile involves their recep- 
tion by a special outgrowth (the trichogyne) which passes 
the male cells down to the female nucleus. This may be 
called indirect fertilization and suggests in a general way 
the fertilization occurring in flowering plants where the pollen 
grain is received on a stigma and one or more nuclei are 
passed down to the embryo sac through a tube, but, of 
course, differs from it in many particulars. Another striking 
character of the red algae is the production of a cystocarp, 
making the life history rather complicated. 

Suggestions FOR Further Reading. 

1 . Cooke, M. C. : British Desmids (with 66 colored plates), London, 
1887. 

2 . Coulter, Barnes, and Cowles : A Textbook of Botany, New Y ork, 
1910, Ft. I, voL 1. 

3. Jennings, H. S.: Life and Death, Heredity and Evolution in 
Unicellular Organisms, Boston, 1920, 

4. Sharp, L. W.: An Introduction, to Cytology, New York, 1921. 

5. Strasburger, E.: Textbook of Botany, 5th ed., London, 1921. 

6. Ward, H. B., and Whipple, G. C.: Fresh-water Biology, New 
York, 1918. 

7. West, G. S.: A Treatise on the British Freshwater Algm, new 
edition, revised by F. E. Fritsch, Cambridge, 1927. 

8. Wolle, F.: DiatomacefB of North America (illustrated with 2300 
figures), Bethlehem, Pa,, 1894, 


CHAPTER XIV. 


THE FUNGI. 

The fungi are the thallophytes that have no chlorophyll, 
and are thus incapable of making their own carbohydrate 
food, and must live as paravsites (see page 364) or saprophytes 
(see page 366) . Some of them are unicellular but in many of 
the groups the plant body is a mycelium composed of threads 
called hyphen (sing., hypha). In many of the fungi {e. g., the 
bread mold) the plant body is composed of a loose mass of 
these hyplne, while in others the mycelium is less conspicuous 
and a definite fruiting body, often quite solid {e, g,, the 
bracket fungus, Fig. 99), is produced and this is the plant 
that we commonly see. 

Many fungi contain pigments and may thus have a con- 
spicuous color such as yellow, red, flesh color, purple or black. 
Some fungi produce no spores and some produce only one 
spore in a cell, but many produce numerous spores which are 
borne in certain definite ways. A spore is a cell modified 
so as to reproduce the plant, and a spore is thus commonly 
one-celled, though the reproductive cells adhere in some 
fungi forming a four-celled structure called a compound 
spore. 

The fungi naturally fall into four groups: (1) the bacteria 
(Schizomycetes) ; (2) the thready fungi (Phycomycetes) ; (3) 
the sac fungi (Ascomycetes) ; (4) the basidium fungi (Basidio- 
mycetes). The Ascomycetes and the Basidiomycetes are 
often grouped together under the name Eumycetes and are 
called true fungi as distinguished from the Phycomycetes 
which are then called alga-like fungi. There are a consider- 
able number of fungi whose life history is not sufficiently 
known to place them definitely in any of the above groups 
and these are classed for the present as Imperfect Fungi. 
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THE BACTEEIA (SGHI20MYCETES). 

The bacteria are mainly one-celled plants reproducing 
by fission (Fig. 91), and are the smallest of all known organ- 
isms. They are also, as individuals, probably the most 
numerous of all organisms and are found in the greatest 
variety of places. They are common in both fresh and salt 
water, in soil, in air, on living plants, and in and upon the 
bodies of animals, including man. They resemble the blue- 
green algae in the simplicity of their cells and in their repro- 
duction, but differ from them in having no chlorophyll. 



Fig. 91.— Bacteria showing chains and colonies. (From Mansfield.) 
(After Flugge.) 


Though there is considerable irregularity in some species, 
the bacteria are mainly of three shapes— spheres, rods, and 
spirals. In measuring the size of bacteria, a very small 
unit is necessary and the micron, which is YirVir ^ millimeter, 
or of an inch, is used. One of the common spherical 

bacteria is 0.8 micron in diameter, and a common size for rod- 
shaped forms is 2 by 0.5 microns. It would take about 12,000 
of the latter placed end-to-end to extend around an ordinary 
lead pencil. While these sizes are representative of many 
bacteria, some of the spiral species may reach as great a 
length as 40 microns. 

The bacteria have a definite cell wall, usually composed 
of a nitrogen-containing substance, and in some cases known 
to be chitin, a substance also found in the cell walls of some 
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other fungi and in the body walls and wings of grasshoppers 
and in the body walls of crayfish and other related animals. 
Many of the bacteria surround their walls with mucilaginous 
material, and the tubercle bacillus envelops itself in a capsule 
of fatty matter. Bacteria do not have chlorophyll and in 
many cases the cultures when grown on agar or other solid 
media have a muddy-gray appearance. Some of them, 
however, produce pigments outside of the cells, either in 
granules or in solution and the colonies may be violet, blue, 
green, or red. The nucleus is not surrounded by a definite 
membrane, and the nuclear substance is somewhat diffuse. 
In this they closely resemble the blue-green algse. 

Some bacteria are non-motile, while 


others (Fig. 92 ) possess the power of 
locomotion by slender outgrowths from 
the cell, called flagella. There may be 
only one flagellum, a single group, two 
groups, or the whole cell may be cov- 
ered with them. 

Reproduction is by fission which goes 
on rapidly. Resting cells which endure 
unfavorable conditions are often pro- 
duced and these are commonly called 



Fig. 92. — Bacteria 
(Spirillum) with flagella. 
(From Mansfield.) 
(After Fischer.) 


spores. There is only one spore in each 
cell aud it is produced by the rounding-up of the protoplast 
within the cell wall and is finally set free by the disintegra- 
tion of the wall. 


Though the bacteria as a group are unicellular, some of 
them, such as the sulphur bacteria (Beggiatoa) regularly 
form filaments, and another group of organisms (the myxo- 
bacteria), whose individual cells resemble ordinary bacteria 
form colonies similar to the plasrnodia or even the sporo- 
phores of slime molds. 

The so-called filterable viruses which produce certain 
diseases of plants and of man and other animals, are different 
from ordinary microorganisms. They pass through filters 
made of unglazed porcelain while the things that we recognize 
as microorganisms by other tests, such as visibility under the 
ordinary microscope, do not pass through. It is thought that 
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these filterable viruses may be a nomcellular form of life, 
and it is even suggested, though not generally accepted, 
that many of the ordinary bacteria may be capable of passing 
at times into such a state. 

Since the bacteria are so small and their cells are so simple, 
morphology forms an insufiicient basis for grouping them 
into genera and species, and their physiological activities are 
largely used as a basis of classification. One point so used 
is whether they do or do not ferment certain specific com- 
pounds {e. g., glucose), and another is whether they do or do 
not liquefy gelatine when grown in cultures on this medium. 
Many other physiological activities form a more or less 
definite basis for classification. Some bacteria can oxidize 
inorganic compounds of sulphur or iron and can thus live 
wholly or partially independent of organic material, being 
thus quite different from other bacteria. Another general 
basis for classification is %hether they require free oxygen 
or can grow in its absence. Those growing under the first 
condition are called aerobes, and those growing under the 
latter, anaerobes. A simple means of getting an indication 
of which of these groups an organism belongs to is to dip a 
sterilized needle into a culture of the organism and then 
thrust it into sterilized gelatin or other solid medium in a 
test-tube. If the organism grows best at the surface of this 
medium it is behaving as an aerobe, while if it grows best in 
the deeper portions infected it is behaving as an anaerobe. 
Not all bacteria are definitely aerobes or anaerobes, since 
some grow in either the presence or absence of free ox^^gen. 

Many bacteria cause decay or putrefaction and are thus 
very useful to man in causing the disintegration of dead 
bodies and breaking up their complex materials into simple 
ones which may again take part in the life processes of 
plants and animals. Bacillus subtilisj known as the hay 
bacterium, is a common organism of this kind. Cultures 
are readily prepared by boiling a little hay in water and pour- 
ing off the infusion into a glass tumbler. The tumbler may 
be covered with a piece of glass. In a few days a scum will 
form on the surface of the liquid and in this the non-motile 
form of the organism will appear, while the motile form will 


TEE THREADY FUNGI 


213 


be found in the liquid. The cells are large enough to be seen 
with the high powder of the ordinary microscope, but they 
are more plainly seen if stained with methylene blue or some 
other suitable stain. The cells often adhere end-to-end in 
chains, and in many of the older chains a spore is seen in each 
cell. These spores are capable of resisting the temperature 
of boiling water for an hour, and the organism in such a 
culture as this undoubtedly grows from spores. 

Bacteria have great economic significance. Many diseases 
of man and of domestic animals as well as some diseases of 
cultivated plants are caused by them. Some bacteria also 
fix atmospheric nitrogen in the soil in forms in which it can 
be used by plants, while the physiological activities of others 
cause fermentations that are industrially important. These 
and other phases of the activities of bacteria are discussed 
in Chapter XXXII. 

THE THREADY FUNGI (PHYCOMYCETES). 

When we appl}^ the name alga-like fungi to this group 
we are simply translating the technical name Phycomycetes, 
and they do resemble some of the green algae rather densely 
in structure and reproduction. Their hyphae are not united 
into a definite fruit body, and, though they have many 
nuclei, they have no cross walls. In having many nuclei 
and no cross walls these hyphae resemble the filaments of 
such green alg^ as Vaucheria and like them are called 
coenocytes. Phycomycetes have sexual reproduction and 
are divided into two subclasses— Oomycetes (heterogamous 
forms) which have male and female gametes, and Zygomycetes 
(isogamous forms) in which the gametes are alike. A com- 
mon water mold (Saprolegnia) md a, white rust (Albugo 
Candida) are examples of the Oomycetes, and the common 
bread mold {RImopm nigricans) and the squirting fungus 
{Pilobolus) are examples of the Zygomycetes. 

A Water Mold.— a saprophytic mold which 
grows on organic matter in water and often occurs on the 
gills of fish in aquaria and on fish eggs in hatcheries. Speci- 
mens of it may be gi'own by placing a dead fly or a few very 
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minute pieces of bacon on the surface of a glass of water. 
The plants can sometimes be obtained by using tap water 
but better success usually follows if ditch water is used since 
impure water usually contains the spores of this plant in 
abundance. In a few days a mass of radiating hyphse will 
appear on the fly or bacon and both sexual and asexual 
reproduction will be seen when this mycelium is examined 
under the microscope. The sporangia are club-shaped and 
are borne singly at the ends of the branches of the hyphse. 
Each one produces numerous biciliate zoospores which 
escape through a terminal opening and, after swimming 
about for a time, reproduce the plant directly or indirectly. 
The oogonia are round and usually produce several eggs, 
each having a single nucleus. A tube from the antheridium 
penetrates the oogonium wall and through it the male 
nuclei reach the eggs and fertilize them. The oospore is a 
heavy-walled cell and when it germinates it produces the 
new mycelium directly. The egg cell, however, can germi- 
nate directly without fertilization, and this process, called 
parthenogenesis, is more common than fertilization. 

Saprolegnia is thus seen to have three phases— vegetative 
growth, zoospore production, and egg production. Vegeta- 
tive growth is favored by growing the plant in ordinary tap 
water or lake water, while zoospore production is likely to 
follow when the plants are transferred' to distilled water. 
Lowering the temperature or transferring the plants from 
water to solid material is likely to be followed by the produc- 
tion of oospores. The plasticity shown by this plant in 
response to changes in environment is somewhat similar to 
that shown by Vaucheria (see page 189). 

A White Rust.— The mycelium of the white rust {Albugo 
Candida) grows within the tissues of various parts of shep- 
herd’s purse and other plants belonging to the mustard 
family, such as cabbage and radishes, giving them a whitish, 
blistery appearance. The epidermis of the leaf or other part 
of the host plant is often forced up by the growth of the 
parasite and, being detached from the other tissues, dies. 
Conspicuous distortions of the organs of the host plant are 
often produced by this fungus. The mycelium grows among 
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the cells of the host tissues and penetrates them by haustoria. 
In the asexual reproduction numerous short branches called 
conidiophores are produced on the mycelium and from the 
end of each of these, spores called conidia are cut oS in a row. 
These are blown about by the wind. Each conidium contains 
several nuclei and, when it germinates, produces a number 
of biciliate zodspores, each of which quickly produces a new 
hypha, and may reinfect the host. Both, oogonia and 
antheridia are multinucleate bodies produced within the 
tissues of the host plant. One male nucleus fuses with one 
female nucleus and the resulting o5spore, which is a resting 
spore used to tide the fungus over long periods of unfavorable 
conditions, may produce either zoospores or a new mycelium. 
The conidial stage is more commonly found than the oospore 
stage. 



Fig. 93. —Bread mold, allowing rhizoids, sporophores, and sporangia. A 
young sporophore is forming on tlie stolon at the right. (From Mansfield.) 

The Bread Mold.— The bread mold (Fig. 93) forms a furry- 
white growth on moist bread kept in a warm place or on old 
fruit or other organic material. When spores are formed. 
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the whole mass looks black because of the color of the spores. 
The spores are commonly present in the air and a growth 
of the fungus may be secured without planting them. This 
plant is saprophytic and sends into the substratum branched 
portions of its mycelium, called rhizoids, which can, by the 
action of an enzyme (see page 154) produced by the fungus, 
dissolve the material with which they come into contact 
and thus render it capable of being absorbed by the fungus. 



Frcj. 94. — Stages in the formation of a zygospore in bread mold. See 
description of this process in the text. (Drawn by M. W. Phifer.) 

Erect branches called sporangiophores are produced in 
clusters on the mycelium, and each bears a sporangium at its 
summit. The tip of the sporangiophore enlarges, becoming 
almost spherical, the protoplasm accumulates at the outer 
portion of this enlargement and is cut off from the more 
watery portion by a convex, almost hemispherical wall. 
This wall and its contents constitute the columella. The 
protoplasm between the columella and the outer wall now 
forms numerous cells, each having a wall around it. The 
contents of each cell then round-up and form a spore, and 
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the wall breaks down so that the spores are free in the spor- 
angium, When a mature sporangium is mounted in water 
the wall usually bursts so that the columella with the spores 
scattered around it is the part usually seen. The spores 
produce a new mycelium directly. 

Rhizoptis is also reproduced by conjugation (Fig. 94). 
There are two strains of this plant (plus and minus), and 
where two hyphae of different strains come into contact a 
special branch is produced on each. A cell cut off from the 
tip of each of these two branches functions as a gamete and 
the remaining portion of the branch is called a suspensor. 
When the two gametes fuse they form a thick-walled, black 
zygospore capable of resisting conditions that are unfavor- 
able for growth. Under favorable conditions it germinates, 
producing an erect sporangiophore and the spores produced 
in the sporangium on this sporangiophore germinate, produc- 
ing a new mycelium. The two strains of this plant are alike 
so far as vegetative appearance is concerned. The remains 
of the two suspensors are usually seen on the zygospore and 
they commonly differ in size, but the larger one has been 
found to come from either strain and the size of the suspensor 
does not furnish a basis for deciding which of the two strains 
is to be regarded as male or female. 

This mold grows on apples, strawberries, sweet potatoes, 
beans and other fruits and vegetables in storage, starting 
on wounds or bruises and causing soft rot. A closely related 
mold (Mncor) grows on dung. When the word Mucor is 
written with a capital letter, it refers to this mold, but when 
written with a small letter it refers to any mold of the family 
to which both Mucor and Rhizopus belong. 

The Squirting Fungus. —Pitofoto grows on stable manure 
and cultures of it are readily produced in dishes on horse 
dung. It is similar to Rhizopusy hut has the remarkable 
power of hurling its sporangia away with considerable force, 
due to the swelling of the parts just beneath them. The 
sporangiophores are sensitive to light, and if the plant is 
grown in a dark box with a small glass window in one side, 
the glass is spattered with the black sporangia which adhere 
to it. 
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The Zygomycetes differ from the Oomycetes: (1) in 
usually having a more extensive mycelium and in having the 
aerial habit as opposed to the aquatic habit of the oomycetes; 
(2) in having non-motile asexual spores; and (3) in having 
gametes which are at least somewhat alike as opposed to the 
distinctly male and female gametes of the Oomycetes. 

THE SAC FUNGI (ASCOMYCETES). 

The sac fungi are characterized by having cross-walls in 
their hyphse and having their asexual spores borne in a 
definite number, usually eight, in a thin-walled, sac-like body 
called an ascus. In many of them the mycelium spreads 
diffusely in the vegetative phase, but forms a definite body 
in the reproductive phase. In some species the hyphse form 
a hard compact body called a sclerotium, which constitutes 
a dormant vegetative phase in the life history. The sac 
fungi comprise more species than any other group of fungi. 
Some of them are saprophytes, but many of them are para- 
sites, causing diseases of higher plants. Some are highly 
prized as human food, some are poisonous to domestic 
animals, and one {Ergot) is used in medicine. 

Some of the sac fungi have sex organs and unlike gametes, 
but in others these have not been found. When sexual 
reproduction occurs, the union of the male with the female 
nucleus is followed by the production of a definite body 
called an ascocarp, on or within which the asci are produced. 
This ascocarp corresponds to the cystocarp of the red algae 
(see Fig. 90) and since the sex organs of the sac fungi are 
similar to those of the red algae, a reUtionship between these 
two groups of plants is suggested. 

Yeasts.—The common yeasts are one-celled plants repro- 
ducing by budding. There is a definite nucleus and a vacuole 
and fat droplets are usually seen. The cell wall is composed 
of cellulose. The cells are usually oval, and a small swelling, 
or bud, appears at one end, and continues to enlarge until 
it is finally cut off, forming a new cell. Cells formed by 
successive buds sometimes remain attached, thus forming 
short chains. Under certain nutritive conditions, cells 
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resembling asci are formed which contain a small definite 
number of spores. In the common yeasts no mycelium is 
present, though it is found in a few less common species. 
The yeasts are placed under the Ascomycetes, though only 
a few of them have any mycelium at all and spore reproduc- 
tion occurs only under special conditions, because when a 
mycelium is present its hyphse have cross walls and when 
spores are produced they are in a structure resembling an 
ascus. 

Many yeasts have the power of fermenting sugars with 
the production of alcohol and carbon dioxide. An example 
of this is the fermentation of glucose represented by the 
equation 

C6H12O6 2C2H6OH + 2GO2 

glucose ethyl alcohol carbon dioxide 

This fermentation is due to the presence of the enzyme, 
zymase, which acts on the sugar in the cell, the alcohol and 
the carbon dioxide then diffusing out into the bathing liquid. 

The common edible morel {Morchella esculenta) (Fig. 95) 
is a saprophyte growing on soil in open woods and old 
orchards. It has a mycelium which spreads in the organic 
matter in the substratum and produces above ground a 
structure called an ascocarp, which is several inches high and 
consists of a hollow wrinkled oval body borne on a short 
stalk. The surface layer in the depressions on the outer 
surface of this body is a hymenium consisting of sterile 
filaments (paraphyses) and asci containing ascospores. 
When the ascospores germinate they produce the mycelium, 

A Gup WmxgUB.'--Peziza mi/rantia (see Fig. 95) is a common 
saprophytic cup fungus growing on soil in open places. 
Its mycelium grows in the organic matter of the soil and 
produces aerial, cup-shaped, orange-colored ascocarps, often 
an inch or more in diameter. The cup is lined with the 
hymenium, which consists of slender paraphyses and asci, 
each ascus producing eight oval spores. The development 
of the spores in this ascus is characteristic of the ascomycetes. 
At first it contains two nuclei. The origin of these nuclei 
has not been worked out in Peziza, but in Pyronema, a 
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closely related cup fungus, it has been found that the one 
is a male nucleus from an antheridium and the other is a 
female nucleus from an oogonium. The male nucleus enters 
the oogonium and several slender outgrowths are then formed 
from the oogonium and an ascus is formed on each of these 
outgrowths, one male nucleus and one female migrating to 
each ascus. These two nuclei fuse and their union constitutes 
fertilization. Some workers report a slightly different series 
of events from that described above, and the matter is still 
under discussion. 


■Fungi. 1, bird’s nest fungus {Cyanihus ) ; 2, morel (Morchella) 
3, cup fungus {Peziza) . (From Mansfield.) 


After the fusion of the two nuclei the development of the 
spores in Peziza Pyronema is the same. The nucleus 
resulting from the fusion divides, then each of these two 
divides, producing four, and these divide producing eight. 
A wall is formed around each of these nuclei in the last 
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division by the persistence and growth of the astral rays 
and eight spores are thus formed within the ascus. Not all 
of the cytoplasm is used up in forming these eight ascospores, 
and the young spores are embedded in the remaining cyto- 
plasm. Much of this cytoplasm is used up in the growth of 
the spores, but even at maturity they are still embedded in 
some cytoplasm, which contains material that swells and 
eventually ruptures the tip of the ascus, liberating the spores. 
When the spores germinate they produce the mycelium. 

The life history of the Ascomycetes as worked out fully 
in Pyronema suggests relationship to the red algse, such as 
N emalion^ th.% ascocarp of the fungus corresponding to the 
cystocarp of the alga. The comparison is good up to this 
point but is weaker when we compare the ascospore of the 
fungus to the carpospore of the alga, since the former is an 
endospore formed within the ascus while the latter is an 
exospore formed by cutting off cells which are then naked 
within the cystocarp, and the carpospore thus corresponds 
more to a conidium than it does to an ascospore. 

Truffles. —A saprophytic fungus called truffles, produces 
subterranean tuber-like bodies which are prized as human 
food. These bodies are the ascocarps, and they differ from 
the ascocarps of Peziza in being closed instead of open. The 
spores are borne in asci, but when the fleshy ascocarp is 
mature, the spores are free within it. The mycelium, like 
the ascocarps is subterranean. This plant belongs to the 
genus Tuber and the genus is most common in countries of 
southern Europe, though some species are occasionally found 
in the United States. 

A Blue liMd.-~Penicillium (Fig. 96) is a common sapro- 
phytic blue mold occurring on bread, lemons, cheese, and 
old leather. It has a loose mycelium and is reproduced 
mainly by conidia which are produced externally by being 
cut off successively from the ends of short branches clustered 
at the summits of the erect conidiophores. The conidia are 
scattered by the wind and produce new mycelia. The 
ascocarp phase of Pe7iicillium is seldom seen, but is common 
in the familiar green mold whose conidia are 

borne in characteristic rows radiating from the enlarged 
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summits of the conidiophores. The production of the asco- 
carp involves an alternation of generations, the sexual 
generation having organs that represent oogonia and anther- 
idia. After fertilization a closed ascocarp is produced, in 
which are asci containing ascospores. The ascospores are 
later set free within this ascocarp and finally escape by its 
disintegration, and develop new mycelia. 


Fig. 96. — A blue mold (Penicillium) . 1, habit sketch; 2, si)orophore with 

conidia; 3, a germinating conidiospore. (Drawn by Charles Gray.) 

A Mildew,— The lilac mildew {Mierosphcera) is parasitic 
on the leaves of the lilac and sends absorbing organs into 
them. It produces conidia in great numbers and these scatter 
the disease. Later in the season the sex organs are produced 
and fertilization is followed by the production of closed 
ascocarps called perithecia (sing., perithecium). From the 
ascospores produced in these, the mycelium is reproduced 
the following year. 

Ergot.™ Ergot (Clamceps purpurea) is parasitic on rye and 
other plants of the grass family. The ovary of the flower 
of the host plant is infected by the mycelium which grows 
over it and produces conidia in clusters on short branches. 
Insects, attracted by a sweet substance produced by the 
fungus, carry these spores which infect other ovaries, thus 
spreading the disease rapidly. The mycelium penetrates 
the ovary of the host plant, finally replacing the grain entirely 
and producing a hard, dark-colored body, larger than the 
grain, called a sclerotium. Many of these sclerotia fall to 
the ground when the host plant is mature, and remain dor- 
mant until spring. The sclerotium then begins to grow and 
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produces several short stalks each bearing at its top a rounded 
l)ody ill which the perithecia are embedded. Each peri- 
theciimi contains several asei, and each ascus contains eight 
slender ascospores. These ascospores are carried by the 
wind and germinate on the ovaries of the host, thus complet- 
ing the life history. The sclerotium of Ergot is used as a 
medicine and is official in the United States. Cattle and 
other domestic animals are sometimes poisoned by eating 
ergot with the plants on which it has grown, and people have 
been poisoned by eating flour made from rye in which there 
were sclerotia of this fungus. 

THE BASIDHJM FUNGI (BASIDIOMYCETES). 

The basidiiim fungi are like the ascomycetes in having 
cross-walls in their liyphm, but are different from them in 
having no functional sex organs, while many of the ascomy- 
cetes do, and in having their asexual spores borne externally 
on cliib-shaped processes called basidia. The basidium 
usually has four spores, each produced as a short outgrowth, 
into which a nucleus migrates from the basidium. Though 
a basidium does not look like an ascus, it resembles it in cer- 
tain features of its development. When it is young it has 
two nuclei and these fuse just prior to the formation of the 
four nuclei, which migrate to the four basidiospores. It is 
not known wdiether this union is sexual, and no sexual organs 
at all are found in the higher Basidiomycetes. The four 
nuclei lie free in the basidium, and the outgrowth that is to 
form a spore begins when a nucleus comes near to the basi- 
dium wall. 

Com Smut.— Corn smut (Udila^^ maydu) (Fig. 100) is 
well known in all regions where corn is grown, since the large 
black masses of spores are conspicuous on the ears, tassels, 
and other parts of the plant. The fungus is parasitic, and 
produces a mycelium which grows extensively in the tissues 
of the host, eventually producing a swelling in some part of 
the plant. Each cell of the hyphae may develop into a spore, 
and the mycelium in such a swelling is practically all trans- 
formed into spores. This mass of spores covered by a thiu 
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membrane formed by host cells and partially gelatinized 
hyphse is popularly known as corn smut. The injury to the 



Fig. 97. — A gill iunguB {Amanita phalloides). 1, remains of the mem- 
brane that enclosed the young stalk and cap; 2, stalk (stipe) ; 3, remains of 
the membrane that covered the gills; 4, gills; 5, cap (pileus)* 

host is most apparent when the mycelium fills the ovaries, 
thus often destroying the whole ear of corn and covering 
it with a mass of smut projecting from the husks. These 
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spores (chlamydospores) have thick walls, and when they 
fall upon the ground or other places they remain dormant 
until spring, when they germinate and produce a stage con- 
sisting of short filaments, usually not more than four cells in 
length. 

These filaments produce spores from each cell of the fila- 
ment, the development being the same as in other Basidio- 
mycetes, and the spores then bud like yeast. If nutrition is 
abundant these spores are produced in enormous numbers. 
They infect the corn plants and thus spread the disease 
rapidly. 

A Red Rust. —A red rust (Piicdnia graminis) is parasitic 
on wheat and other plants of the grass family, and causes 
great economic losses. It produces rusty-looking red spots 
on the stems of the host plants in summer and this phase is 
called red rust. It also produces black spots later in the 
season and this phase is called black rust. In giving the 
life history it will be convenient to refer to the host plant as 
wheat, though it is also common on rye and barley. 

Its life history is a complicated one since it produces four 
kinds of spores. Two of these are produced at different 
times on the same mycelium on the wheat plant, and another 
is produced on barberry leaves. Between the wheat stages 
and the barberry stage is another one which occurs on stubble 
or straw and sometimes on the ground. 

The red spots on wheat stems are due to the production 
of the summer spores (uredospores). These spores are the 
reproductive phase of the mycelium which has grown exten- 
sively in the intercellular spaces of the tissues of the host. 
This mycelium produces numerous short sporophores, at the 
end of each of which a single spore is produced. These are 
scattered by the wind and when they lodge on other wheat 
plants they germinate immediately and produce a mycelium 
which penetrates the host and the disease is thus spread 
rapidly in summer. 

The black spots appear on the wheat plants later in the 
summer, and are caused by the winter spores (teliospores) 
which grow on the same mycelium which earlier produced the 
summer spores. These black spots are pustules called telia 
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(sing.j telium). The teliospores are two-celled, thick-walled 
resting spores which remain dormant on the ground or other 
places during the winter. They represent the same stage in 
the life history of this rust that the chlamydospores do in the 
life history of corn smut. 

^ These winter spores germinate in the spring and produce a 
four-celled filament, called a promycelium, and from each 
of these cells a spore is produced on a very short stalk. This 
promycelium is a basidium and the spores produced by it are 
basidiospores, and the classification of Pucdnia graminis 
as a Basidiomycete rests on this basis. 



Fig. 98.— a common mushroom {Agaricus campester). Upper left, 
longitudinal section of young mushroom, showing hyphae and an early 
stage of development of the plant body. Next, a group of mushrooms in 
various stages of development. Upper middle, longitudinal section of 
open mushroom, showing gills and remnants of ring. Upper right, cross- 
section of two gills with adherent spores. Lower right, section of gill, 
showing structure of gill and also showing two basidia, each with four 
spores. Lower middle, portion of mycelium from stipe. Above the mycel- 
lium, two spores, one in section. Above the spores, a cell from the tissue 
of the stipe. (From Schmeil Botanical Gharts.) 

These basidiospores are scattered by the wind, and when 
they lodge on the leaves of the barberry plants they germinate 
and produce a mycelium, which grows in the intercellular 
spaces of the leaf tissues. This mycelium produces cluster 
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cups (jEcidia) on the lower surface of the leaf and these con- 
tain the seciospores. These spores are produced in rows by 
continued abstriction from the same cell, and the wall of the 
cup is produced by sterile cells formed in the same way. The 
seciospores are borne by the wind and may be carried long 
distances . When they lodge on a wheat plant they germinate 
and produce a mycelium which penetrates the tissues of the 
host, and the life history is complete. 

Flask-shaped structures (spermagonia) occur on the upper 
surface of the barberry leaves at the same time or shortly 
before the cluster cups are formed on the lower surface. 
These are not functional but it is thought that they, with 
the cluster cups, may represent a degenerate sexual apparatus 
in which the spermagonia constitute the male elements and 
the cluster cups the female. 

The cluster cup stage may apparently be omitted since 
this rust continues to flourish in regions where the barberry 
is not found, but it is not known just how the plant continues 
to propagate without this stage. It has been suggested that 
the rust does not really omit this stage but that the secio- 
spores are borne by the wind to very great distances. It is 
possible that if this stage is really omitted, the rust may 
be kept alive by the survival of uredospores. 

Two methods of combating wheat rust are in use— the 
eradication of the barberry and the development of rust- 
resisting strains of wheat. The barberry is a European 
shrub now common in many places in the United States, 
both wild and in cultivation. It is commonly thought that 
complete eradication of the barberry would at least help in 
controlling this disease, and many barberry plants have been 
destroyed for this reason. Some progress has been made in 
developing strains of wheat that are more or less resistant to 
the attacks of the fungus, and this is possibly a more hopeful 
line of attack than barberry eradication. 

Eusts, such as wheat rust, which grow on alternate hosts, 
are called heteroecious rusts, while those that grow on only 
one host are called autoecious rusts. The white pine blister 
rust {Cronartinm rubicola} is heteroecious and occurs alter- 
nately on white pine trees and on the black currant or some 
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other plant of the genus Ribes. It may occur on any of the 
pines that have five leaves in a fascicle, and it has done great 
damage in the United States since it was introduced about 
1906. It attacks the cambium and inner bark and kills 
branches or whole trees. The principal means used for 
combating this rust is the eradication of cultivated black 
currants, wild currants, and gooseberries. Several rose 
rusts belonging to the genus Phragmidium axe autoecious. 

Bracket Fungi. —A bracket fungus (Pomes pinicola), also 
called a shelf fungus, is common on pines, the Douglas fir, 
and some other conifers. The bracket (Fig. 99) is a some- 
what fliattened, semicircular, horizontal body projecting 
from the bark of the tree, and when old may reach a diameter 
of almost 1 foot. It is anchored firmly to the tree, and large 
ones will sometimes bear the weight of a man. The upper 
surface is hard and convex, and thus sheds water and resists 
mechanical injury. The lower surface is creamy white and 
rather soft and has numerous pores. It is perennial and its 
upper surface shows ridges marking successive years of 
enlargement. If sawed in two vertically the perennial 
growth is also evident since layers, each marking a year’s 
growth, are plainly seen. Each of the layers below the upper 
hard portion is marked by apparent vertical lines, which are 
really tubes into which the basidia project. The tubes open 
to the lower surface, and the spores borne on the basidia are 
discharged from them before they are covered by the next 
year’s growth. The spores are borne by the wind and infect 
standing trees through wounds in the bark. 

The vegetative phase consists of a mycelium growing 
extensively in the wood of the tree and finally producing the 
bracket which is the fruiting phase (sporophore). The 
growth of the mycelium soon injures the wood, giving it a 
punky character, which unfits it for use as lumber, and fir 
trees thus affected are called conchy fir. This fungus does 
great damage to standing timber and to logs bn which the 
Wk has been left. 

Other species of the gmns Pomes are found on various 
conifers and on deciduous trees, and cause the loss of much 
timber. Several species of the genus PoZypor?/,? are also 
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found on deciduous trees. Their sporophores are annual 
and rather thick and fleshy. Bracket fungi belonging to the 
genus Polystietus are common on deciduous trees and may be 
either parasitic or saprophytic. Their sporophores are 
usually annual and are thin and leathery. 



Fig. 99. — A bracket fungus growing on a dead stump. (From Mansfield.) 

Gill Fungi.— The gill fungi (Fig. 97) are the common 
mushrooms and toadstools. They are very numerous and 
are the most familiar of the fleshy fungi. Many of the 
species of the genus Coprimis flourish on old dung, and other 
decaying matter, and the field mushroom (Agarims cam^esr 
tris) is common. In such forms the mycelium grows exten- 
sively in the substratum and finally produces the spore-bear- 
ing phase. This is an aerial structure (Fig. 97) consisting 
of an erect stalk (stipe) with a cap (pileus) at the top. 
In the mature plant the cap has numerous gills projecting 
from its lower surface and on the surface of these gills are 
borne the basidia, each producing four spores (Fig. 98). 
The sporophore when very young is a button-like structure 
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(From Mansfield.) 


(Fig. 98) and as the pileus develops and its lower portion 
breaks away from the stipe a ring (annulus) is often left 
around the stipe. When the spores germinate they produce 
new mycelia. 


Gill fungi frequently form “fairy rings” on lawns and 
other places by the extensive growth of the mycelium in the 
organic matter of the soil and the production of sporophores 
at the margin of this spreading mycelium. 

Many of the gill fungi and of some other groups are edible, 
and many others are poisonous. It is best to consult some- 


100.— Corn smut growing on an ear of corn. 
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one who has definite knowledge of the matter before deciding 
on the use of any fungus as food. 

Nidularia (Fig. 95) is a small nest-like fungus common on 
decaying wood and other matter. In the mature plant the 
spores are contained in small bodies which look like eggs in 
a nest. 

THE IMPERFECT FUNGI (FUNGI IMPERFECTI). 

The imperfect fungi are forms in which the life history 
is not fully known, which are placed together in this group 
merely because we do not know enough about them to 
classify them elsewhere. Several which were formerly placed 
in this provisional group have been transferred to other groups 
as their life histories became more fully known and perhaps 
others will be transferred as investigation goes on. Many of 
them produce conidia and are thought to be a phase of 
Ascomycetes, but others seem to be more probably related 
to the Phycomycetes or the Basidiomycetes. A number of 
diseases of economic plants, such as early blight of the potato, 
leaf blight of cotton, and fruit spot of apples are caused by 
imperfect fungi. 

LINES OF DEVELOPMENT. 

The fungi are not commonly regarded as being very sig- 
nificant in the evolutionary development of plants, though 
the possible relationship of some of them to certain algae 
is interesting. They are usually considered as degenerate 
plants because they lack chlorophyll and must thus live as 
parasites or saprophytes and because the sexual organs are 
absent or imperfect in many of them. 
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THE LICHENS. 

A LICHEN (Fig. 102) is composed of two plants—a fungus 
and an alga. The plant body is a tliallus in which the fungus 
forms the surfaces and the alga occupies the inner portion. 
The fungi that form all of the lichens of the temperate 
regions are sac fungi (Ascomycetes) , A few species, mostly 
tropical, are formed by basidium fungi (Basidmnycetes). 
The aigse that enter into the formation of lichens are mostly 
green algse, resembling Pleurococew, though Glceocapsa and 
other blue-green algae form the algal element of some. The 
alga may form a definite layer, with only a few fungal hyphae 
extending through it (Fig. 102), or it may be scattered 
through the thallus. Some lichens have small outgrowths 
on the surface containing an alga different from the one 
within the thallus. Only a few of the lichens have common 
names, and the botanical names are generally used. Lichens 
are usually thought of as being moss-like, though they are 
morphologically quite diffei'ent from the mosses, and the 
word moss is usually used in cases where common names are 
applied. The name reindeer moss is in general use for 
Cladonia rangiferina, and the name Iceland moss for Ce^ram 
islandica, while long moss is a name used to include several 
species of lichens that hang from trees. 

THE KINDS OF LICHENS. 

The thallus of a lichen may have any one of five forms— 
leaf-like, erect, pendulous, crustose, or gelatinous — or it may 
show a transition between two of these, particularly between 
the first two. Leaf-like (foliose) lichens (Fig. 101) are com- 
mon in temperate regions on soil, rocks, and old wood, and 
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are also often found on branches of trees and on top of dense 
growths of moss. Many of them are from 1 to 4 or 5 inches 
in diameter, though a few are larger than this and some are 
smaller. The surface of some of them is smooth, though in 
many species it is wrinkled or corrugated, and in some it 
has various kinds of outgrowths. Lichens are of various 
colors, such as green, grayish-green, ashy, black, or brown. 



Fig. 101. — Lichens. Upper left, a thallose species (Physcia sellaris) 
with apothecia distributed over the surface of the thallus. Upper right, 
a thallose species iCetrana islandica) with apothecia at the margin. Lower 
left, a fruticose species {Bcsomyces byssoides) growing on a twig. Lower 
right, a filamentous species {Usnea harbaia) growing on wood. ^ indicates 
apothecia in all cases. (Drawn by Ida Blanchard.) 

The species that consist mainly of erect grow^ths are com- 
mon in northern regions. The one called reindeer moss is 
common on thin layers of humus over rocks, and also forms 
dense growths on the tundras of the northern portion of 
North America and the other continents. The one called 
Iceland moss is common in frigid regions, and is also found 
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in northern United States and in similar regions in other 
countries. 

The pendulous ones are mostly somewhat thready in form 
and are abundant on the branches of trees in certain regions, 
especially in damp forests. In length they vary from a few 
inches to 2 feet or more, and they often give a very weird 
appearance to trees. The crustose lichens do not form a 
thallus that is readily removed from the surface on which it 
grows, but consist of an incrusting growth on, or even within, 
the substratum on which it occurs. They are common in 
many places on the bark of trees and are also found on rocks. 
One grows abundantly on the bark of alder trees, giving 
them a grayish appearance, and another is common on elm 
trees. Gelatinous lichens are not abundant, but are occa- 
sionally found in damp forests on tree trunks, wet rocks, and 
other objects. 

THE STRUCTURE OF LICHENS. 

The general structure of lichens is easily made out in the 
simpler leaf-like species. The genus Peltigera has a number 
of species, growing mostly on soil, though often found on 
rocks and old wood in forests or other damp places. They 
often grow so abundantly that they completely cover the 
substratum. The thallus is flat and is from 1 inch or less 
to several inches in diameter, and may be circular or fan- 
shaped, or it may be so much lobed as to be very irregular 
in shape. It is anchored to the substratum by rhizoids, 
which function also in the absorption of water, and dissolved 
substances. At its margin the upper surface shows several 
thickened areas, oval or round in shape, and varying from 
reddish-brown to black in color, called apothecia. The 
spores of the fungus are borne in these. In cross-section the 
green alga is seen in a layer in the interior of the vegetative 
portion of the thallus with a rather solid cortex formed by the 
fungus above it, and a looser mass of fungal hyphse below it 
not covered by a cortex. In section (Fig. 103) the apothecia 
show the structure of the fruiting layer of an ascomycete 
fungus, such as Pema. Sterile growths (paraphyses) and 
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spore-containing sacs (asci) are seen. The ascus is a slender 
structure containing 8 elongated spores, each consisting of 
a single row of from 4 to 8 cells. The alga is not found in 
the apothecia. 



Fig. 102 Fig. 103 


Fig. 102. — Section of the thallus of a lichen (CMoma) , showing cortex 
(above) composed of closely arranged hyphse, loosely arranged hyphse 
(below), and algal layer with fungal hyph£e extending through it. Bemi- 
diagrammatic. (Drawn by M. W. Phifer.) 

Fig. 103.— Section of a spore-producing area (apothecium) of a lichen 
(PcZ%em). Top, fruiting layer (hymenium), consisting of sterile processes 
(paraphyses), and asci containing ascospores. Each ascus shows six spores 
and each spore is four-celled. Bottom, loose mass of hyphse. Scmidiagram- 
matic. (Drawn by M. W. Phifer.) 



236 


THE LICHENS 




I 

If 


Another genus of leaWike lichens {Physcia) (Fig. 101), 
which is common on trees, rocks, and old wood, and is also 
found on the surface of dense growths of moss, has a few 
species that produce erect branches and some that approach 
the crustose type. The thallus is from 1 to several inches 
in diameter, and its margin, though entire in some species, 
is much lobed in most of them. It has a cortex on both 
surfaces. The apothecia are scattered over the surface of 
the thallus, and the spores are two-celled in several species. 
In leaf-like lichens pores are often found extending from 
the surface to the interior of the thallus. Through these, 
exchanges of carbon dioxide and of oxygen between the outer 
air and that in the interior of the leaf occur by diffusion, and 
water is also evaporated. They are closed when the thallus 
is dry. 

The partnership between the alga and the fungus in a 
lichen is evidently one in which there is mutual advantage. 
The advantage to the alga is protection and water supply, 
while that to the fungus is the supply of carbohydrate food. 
The alga gets protection from mechanical injury, from exces- 
sive loss of water, from great intensity of light, and probably 
also from sudden changes in temperature. The firm cortex 
formed by the fungus resists many rough contacts, such as 
those that occur when men or other animals walk over the 
lichens, which would otherwise injure the alga. Water 
evaporates slowly through this cortex, and the water supply 
of the alga is thus conserved. Water is also taken up by the 
fungus and held in and among the hyphse of the lower portion 
of the thallus, and this supply can be drawn upon by the 
alga in photosynthesis. The upper cortex cuts down the 
intensity of the light reaching the alga, and thus probably 
often avoids injury to it, though this lowering of the light 
intensity must make photosynthesis less rapid. 

THE EEPEODUCTION OP LICHENS. 

Lichens are reproduced in several ways. The most com- 
mon one is by tangled masses of algal cells and fungal hyphse, 
called soredia, which are produced on the surface of the 
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thallus, sonietianes so abundantly as to form dry, powdery 
masses. When the soredia become detached each is capable 
of growing into a new thallus. Vegetative reproduction also 
takes place by fragmentation. Large or small pieces of the 
thallus become detached and blow away, and when they 
find suitable lodgment each may grow into a new thallus. 
It does not seem to be necessary that all of the portions of 
the thallus be represented in such a fragment, the essential 
thing being that both algal cells and fungal hyphse be present. 
Lichens are also increased in number by the dying of older 
portions and the continued growth of lobes or branches which 
are thus separated. The spores of the lichen are the spores of 
the fungus, and if they germinate the reproduction of the 
lichen by this means must depend on chance contact with 
the algal cells. It does not seem probable that this method 
of reproduction is very common in Nature, though lichens 
have been experimentally reproduced in this way. 

THE ECONOMIC IMPORTANCE OF LICHENS. 

The most important direct economic use of lichens is 
their utilization as food. In certain parts of Alaska and in 
other northern regions they furnish the principal pasturage 
for reindeer, and they are also used as food by some animals 
in northern Africa. They have also been used as food by 
man in some places. Iceland moss is used as a medicine, 
and other lichens have been so used. Orcil, a violet or blue 
substance, is obtained from lichens and is used as a dye. 
Litmus, a substance giving a red color with acids and a blue 
color with alkalis, is obtained from a species of lichen, and 
is much used in chemical laboratories. Lichens often eon- 
tribute to the formation of soils. They are in many cases 
the first plants to appear on rocks, and in the thin layer of 
humus thus formed mosses grow and afterward higher plants 
flourish. Lichens form dense growths on the branches of 
trees, especially in damp regions, and are often injurious to 
fruit trees. Spraying with lye or other solutions is often 
resorted to in getting rid of them. 

Some prefer to classify the lichens under the fungi, since 
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the form of the thallus seems to be determined by the fungus 
and the fungus may be regarded as parasitic on the alga. 
On this plan most of the lichens would be classified as 
Ascomycetes, the others being Basidiomycetes. It seems 
better, however, in a general account of the plant kingdom 
to treat the lichens as a group of Thallophytes separate from 
both the algse and the fungi, since the form of the thallus is 
usually quite different from that of any of the fungi, and 
the partnership between the alga and the fungus is of mutual 
advantage. 

Suggestions for Further Heading. 
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CHAPTER XVL 


THE LIVERWORTS AND MOSSES (BRYOPHYTES). 

GENERAL CHARACTERS. 

The Bryophytes comprise the liverworts and the mosses. 
They are mostly land plants growing in moist places, though 
a number of them are found in dry places and a few float on 
water or even grow submerged. They are small plants, but 
the individuals are numerous, and they frequently form a 
dense covering on soil, rocks, logs, and the trunks of trees. 
They are all green, and are thus able to make their own 
carbohydrate food, and none of them are parasites or sapro- 
phytes' The plant body varies from a flat thallus to a 
^^leafy^’ stem. The differentiation into stem and leaves is, 
however, only in external form, and they lack the true 
differentiation into leaf, stem, and root which is characteristic 
of the two higher divisions— the Pteridophytes (fern plants) 
and the Spermatophytes (seed plants). There is no true 
conductive tissue in Bryophytes, the nearest approach to it 
being merely elongated cells. 

Though the various Bryophytes differ so much in general 
appearance, they have certain features in common which 
distinguish them from the Thallophytes. One of these 
features is the obvious alternation of the sexual generation 
(gametophyte) with the asexual (sporophyte). In all cases 
the gametophyte is the more conspicuous generation, and is 
what we ordinarily call the plant, though tjie sporophyte is 
in many cases, plainly visible. The sporophyte in all of the 
Bryophytes remains attached to the gametophyte, and is 
wholly or partially parasitic upon it. In many of them it 
contains chlorophyll, and is thus able to manufacture its 
own carbohydrate food, but it is still dependent upon the 
gametophyte at least for water. This alternation of genera- 
tions in the Bryophytes is a true alternation characterized by 
the presence of the double (diploid) number of chromosomes 
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ia the cells of the sporophyte and the single (haploid) number 
in those of the gametophyte. The doubling occurs in the 
union of the egg and the sperm and the reduction division 
(see p. 322) occurs in the formation of the asexual spores. 
Alternation of generations is, of course, found in many 
Thallophytes {e. g., brown algse, red algae, and some fungi), 
but it is not universal in that division, and even when present 
it does not possess the uniformly evident character that it 
does in the Bryophytes. 

Another feature that distinguishes the Bryoph 3 des from 
the Thallophytes is the possession of many-celled sex organs. 
The egg-producing organ is a flask-shaped structure (arche- 
gonium) (Fig. 106), consisting of an expanded base called 
the venter, and a slender neck projecting from it, the egg 
being produced in the venter. This many-celled archegon- 
ium is clearly distinguished from the one-celled oogonium of 
the Thallophytes, and this is the best technical distinction 
between the two divisions. The antheridium is a rounded 
or club-shaped structure borne on a short stalk and con- 
sisting of a number of cubical cells surrounded hy a wall one 
cell in thickness. Each of the cubical cells produces two 
biciliate sperms. 

A third feature of the Bryophytes that is rather important 
from the evolutionary standpoint is the definite establish- 
ment of growth by means of an apical cell. Another feature 
that is universal in the Bryophytes is the distribution of the 
asexual spores by wind. This feature is, however, present 
in some Thallophytes, being found in many fungi. Most of 
the algse are aquatic, and their spores are distributed by 
water. 

The distinctions between the liverworts (Hepaticse) and 
the mosses (Musci) can be more effectively stated after 
some plants of each of these classes have been described. 

THE LIVERWORTS. 

The liverworts comprise three groups ““the Marchantiales, 
the Jungermanniales, and the Anthocero tales —each of which 
has quite distinctive characters. 
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The Marchantdales.— ilfarcAani^m (Fig. 104) is a familiar 
plant of the first group. It has a flat, dorsiventral, forked 
thallus, from 1 to 3 inches long and 1 inch or less in width, 
forming dense growths on damp soil. On the upper surface 
it shows a sort of mid-rib due to the elongation of the cells 
in its middle, and on the lower surface the rhizoids which 
attach it to the substratum are located mainly along the mid- 
rib. The thallus shows a differentiation of structure which 
correlates with its dorsiventral habit. The upper surface 
is divided into small diamond-shaped areas, with an open 
pore in the center of each. Beneath each pore is an air 
chamber, into which project short rows of cells containing 
numerous chloroplasts. This air chamber is continuous 
beneath each area, and is separated from the next one by a 
wall of green cells which supports the roof of the chamber. 
This roof is one cell thick except around the pore, where it 
consists of several layers of cells. The structure of the 
thallus thus allows contact of the moist green cells with an 
internal atmosphere, and permits the exchange of gasses 
between this internal atmosphere and the outer air as well 
as the escape of water vapor from the chamber to the outer 
air. The cells of the lower portion of the thallus contain 
few chloroplasts, or even none at all, and the rhizoids are 
outgrowth from the cells of the lower layer. The rhizoids 
are one-celled structures, and are of two kinds, one having 
thick walls with peg-like processes projecting into the cell 
from the wall and the other having thin walls without pro- 
jections. The structure of the thallus thus provides for the 
absorption of water from the substratum and for passing it 
upward from cell to cell to the green cells where advan- 
tageous conditions for photosynthesis are present. The 
thallus grows in length and thickness by the cutting off of 
cells from three faces of an apical cell. 

On the upper surface of the thallus there are cup-like 
structures (cupules, Fig. 104), in which are produced numer- 
ous disk-shaped bodies called gemmae. These gemmae are 
produced continuously, and the older ones are pushed to 
the top of the cupule by the development of the newer ones 
beneath, and thus escape and fall on the substratum near 
16 
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by. Each gemma has two notches, one at each side, and 
these are the growing points from which develop two new 
thalli, by the continued cutting off of cells from an apical 
cell formed in each notch. The gemmae provide a rather 
rapid means of vegetative reproduction for the thallus phase 
of the plant. A gemma is several cells thick, and its charac- 
ter is the same on both sides, its dorsiventrality being 
determined by light or other factors as it begins to grow into 
new thalli. 



Fig. 104.-~'ili'orcAaw^m, showing thallus, cupules, and antheridial branches. 

The sex organs are borne on slender, erect branches, 
which at maturity are commonly about 2 inches tall (Fig. 
105). Those producing the archegonia have at the top 
several radiating arms curving downward like the ribs of an 
umbrella. The archegonia project downward from these 
close to the stalk. The wall of the venter and the neck is 
one cell thick. In the development of the archegonium 
there is a row of cells within the neck, but as maturity 
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approaches these disintegrate, leaving an open passage to the 
egg in the venter through which the sperms enter. The 
egg is fertilized in the archegonium. 

The antheridial branches (Fig. 104) have a lobed, disk-like 
structure at the top which contains numerous cavities, each 
with a small opening on the upper surface of the structure. 
Each cavity contains an antheridium. The sperms have 
cilia and can move from the antheridia to the archegonia 
only through water, but a thin film is sufficient. Fertiliza- 
tion takes place when the archegonial branch is very short 
and the necks of the archegonia are thus close to the surface 



Fig. 105. — Marchantia, showing archegonial branches. 


of the thallus. The fertilized egg germinates in the arche- 
gonium and produces the sporophyte (Fig. 107), which 
consists of a foot, a stalk, and a capsule, the foot being 
embedded in the tissue of the gametophyte. The capsule is 
oval in form, and has a wall composed of a single layer of 
cells. It contains numerous spores and also slender, spirally- 
thickened cells called elaters. At maturity the capsule 
breaks irregularly and discharges its spores. The elaters 
change form as they take in or lose water, and thus undoubt- 
edly aid in loosening up the mass of spores. These spores 
produce the gametophyte, the first stage being a filament of 
cells from which the thallus grows. 
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The liverworts of the genus Riccia and of the closely 
related genus Ricciocarpus are smaller thm Mar chdntia and 
are less common, but they show certain features that are 
important in understanding the general character of the 
Marchantiales. Some of them grow on damp soil, one 
usually floats on water, and one is usually submerged. All 
of them, however, are capable of growing on damp soil. 
The thallus of Riccia is somewhat similar to that of March- 



Fig. 106.— Longitudinal section Fig. 107.— A sporophyte of Mar- 
of an archegonium of Marchantia, chantia, showing foot, stalk, and 
with the egg. (Drawn by E. C. capsule. Spores and elaters in cap- 
Angst.) sule. The contact of the sporophyte 

with the gametophyte tissue above 
is marked by the curved line. 
(Drawn by E. C. Angst.) 

antia in form, and is comparable to it in structure, though 
its upper surface has mere intercellular clefts instead of the 
pores and large chambers that characterize Marchantia. 
The archegonia and antheridia are borne in cavities in the 
upper portion of the thallus, each in a separate cavity 
opening to the surface. The sporophytes are within the 
cavities in which the archegonia grow. The sporophyte at 
maturity is spherical and consists of a capsule, there being 
no foot or stalk. The capsule has a wall one cell thick, and 



THE LIVERWORTS 


245 


contains numerous spores but no elaters. This is the 
simplest sporophyte found in the Bryophytes and is really 
nothing but a spore case. 

The Jungermanniales.—The Jungermanniales comprise the 
leafy liverworts and also some thalloid ones. Porella (Fig. 
108) is a common leafy one that forms dense masses of 
branched, leafy, somewhat pendant stems a few inches in 
length on the trunks and branches of trees in damp forests. 
Its gametophytes differ from those of Marehantia in showing 
considerable external differentiation of form, but little inter- 
nal differentiation of tissues. 

The leaves show practicall}^ no 
differentiation of tissues and 
have no mid-rib. The plant is 
dorsiventral in structure, and 
there are three rows of leaves, 
two dorsal and one ventral, the 
dorsal ones usually having two 
unequal lobes. Vegetative re- 
production occurs in two ways. 

One is by the death of the older 
portion of the stem and the 
survival of the branches, thus 
separated, and the other is by 
the formation of gemmse at the 
margins of the leaves and the 
growth of these into new leafy 
plants when they are detached. 

The archegonia are produced 
singly at the tips of branches, 

which resemble the ordinary vegetative branches in general 
appearance. Growth takes place by the division of an apical 
cell, and in the archegonial branches this cell produces the 
archegonium and the growth of the branch is thus terminated. 
The antheridia are stalked structures produced in the axils 
of small, closely imbricated leaves on very short branches. 

The sporophyte consists of a foot, a stalk, and a capsule. 
The foot is embedded in the gametophyte tissue, and the 
stalk is slender and elongated so that the whole sporophyte 



Fig. 108. — A portion of a leafy 
liverwort (Porella). 
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is an inch or so in length. The capsule contains spores and 
eiaters/the latter being produced from a mass of cells extend- 
ing into the capsule from the wall. At maturity the capsule 
splits into four valves and the spores are thus discharged. 
The leafy gametophytes are produced from these spores. 

Some of the Jungermanniales {e, g., Aneura) have a simple 
thallus, but resemble the leafy ones such as Porella in the 
character of the sporophyte and in the formation of the 
archegonium from the apical cell. The thallus of these 
plants is variously lobed, and the lobes of some of them 
approach the form of leaves so that they grade into the 
leafy ones. 

The Anthocerotales.—The Anthocerotales are illustrated by 
Anthooeros. It has a thin, flat thallus, and frecj[uently grows 
in such abundance as to form a complete covering on the soil 
on which it grows. The thallus shows comparatively little 
differentiation of tissue, and has the archegonia and the 
antheridia embedded in it. The archegonia are not in cavi- 
ties in the thallus, as in Riccia, but the cells forming their 
walls are in actual contact with the vegetative cells of 
the thallus, and in this feature Anihoceros resembles the 
Pteridophytes. 

The sporophytes are slender, erect, green structures, and 
when produced in large numbers from the crowded gameto- 
phytes they often resemble a dense growth of very small 
grass stems. The sporophyte consists of a foot and a cap- 
sule only, there being no clearly differentiated stalk. The 
foot is firmly embedded in the thallus. The capsule has 
stomates and these facilitate the formation of carbohydrate 
food in the green cells which form its outer portion. A 
striking feature of this sporophyte is the large amount of 
vegetative, or sterile, tissue and the small amount of spore- 
producing tissue. There are several layers of vegetative cells 
at the outside, and there is also a columella of vegetative 
cells in the center. Between these two is the dome-shaped 
layer of cells, some of which produce spores. Groups of 
sterile cells occur at intervals in this layer of sporogenous 
tissue, thus showing an approach toward the production of 
sporangia. Indefinite growth continues at the base of the 
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sporophyte and new cells, both sterile and sporogenous, are 
produced there while spores are being matured and discharged 
in the upper portion. The spores are discharged by the 
splitting of the top of the sporophyte into two parts. 

Lines of Development.— The three groups of liverworts thus 
show different lines of development. The Marchantiales 
show gametophytes that are simple in their external form, 
but have considerable differentiation of tissues, and sporo- 
phytes that are relatively simple. The sporophyte of Riccia 
shows a minimum amount of sterile tissue and a maximum 
amount of sporogenous tissue, while that of Marchantia 
shows a larger proportion of sterile tissue and some differ- 
entiation in form. The Jungermanniales have gametophytes 
that show considerable differentiation of external form but 
little internal differentiation of tissues, and sporophytes 
whose capsules split in a definite way and also have a larger 
proportion of sterile tissue as compared with sporogenous 
tissue. The Anthocerotales have gametophytes that show 
little differentiation in either external form or internal struc- 
ture, but have sporophytes with a very large amount of 
sterile tissue and a very small amount of sporogenous tissue, 
and even this is divided into separate regions by the interven- 
tion of groups of sterile cells. These characters, together 
with the presence of stomates, a large amount of green tissue, 
and of indefinite basal growth, make the sporophytes of the 
Anthocerotales decidedly the most highly developed ones of 
the liverw'orts. Since the sporophyte is the more highly 
developed generation in the Pteridophytes, it is evident that 
the Anthocerotales show the closest relationship to them, and 
this is the reason why they are placed highest in the morpho- 
logical sequence of the liverworts. 

THE MOSSES. 

The mosses (Musci) are small, leafy, perennial plants 
growing in either w^et or dry places or even in water. They 
are abundant on soil, logs, and tree trunks, and in many 
places they are common in lawns and pastures, and even on 
roofs and on masonry walls. Many of them are able to 



248 


THE LIVEEWOBTS AND MOSSEB 


withstand dry periods by becoming dormant and resuming 
growth when moisture is again available. There are three 
groups of mosses— the Sphagnales (bog mosses), all belong- 
ing to the genus Sphagnum; the Andreales (rock mosses), 
all belonging to the genus Andrea; and the Bryales (true 
mosses), comprising numerous families, genera, and species 
abundant in many regions and in a wide variety of habitats. 

An understanding of the mosses as a class may best be 
given by first discussing the true mosses, since they are the 
most familiar ones, and then comparing the bog mosses and 
the rock mosses with them. It should be remembered, 
however, that the morphological sequence of the three 
groups is that given above. 

The True Mosses.— The mosses that we most commonly 
see are true mosses. The genus Mninm has several species 
that are abundant on soil in moist woods and ravines. 
They have erect leafy stalks a few inches tall. One species 
(M . Menziesii) has its stems and branches covered with very 
small leaves, and bears a striking resemblance to very small 
trees, but most of the species have leaves | inch or more in 
length scattered along the stem. The leaves on the lower 
portion of the stem are usually larger than those toward the 
tip. The leaves are flat and have a sort of mid-rib consisting 
merely of elongated cells. The stems have rhizoids which 
function as organs of absorption and anchorage. These 
leafy stems grow from buds formed on green alga-like fila- 
ments (the protonema) which spread over the soil. Growth 
continues in this moss, as in all the true mosses, from an 
apical cell. 

The stems are of two kinds, the difi'erence being apparent 
in the form and arrangement of the leaves at the tips. One 
kind (Fig. 109) has leaves of ordinary form radiating at the 
tip of the stem, and on the expanded end of the stem are 
borne the antheridia with the paraphyses among them, the 
mass formed by these being plainly visible. The antheridia 
are club-shaped structures producing numerous ciliated 
sperms. 

The other kind of leafy stem has narrower leaves at its 
tip, and these are erect and closely overlapping. The arche- 
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gonia are borne on the stem tip enclosed by these leaves. 
They are similar to those of Marchantia in general form and 
in having neck canal cells which disintegrate, leaving an 
open passage down to the egg in the venter, but differ from 
them in being more slender, in having an elongated stalk 
below the venter, and in being more than one cell thick in 
the venter and at the base of the neck. 

These two kinds of leafy 
branches and the protonema F | 
constitute the gametophyte ^ 

generation of the moss. Fer- f 

tilization takes place by the 
movement of the sperms 



Fig. 109. — Antheridial stalks of a 
moss (Mnium). 


Fig. 110. — A moss (Dicranum), 
showing gametophyte (leafy stalk) 
with sporophyte (stalk and capsule) 
at top. 


down the neck and the union of one of them with the egg. 
The two kinds of stems grow together in the bed of moss, 
and a thin film of water is sufficient for the locomotion 
.of the sperms. 

The sporophyte (Fig, 110) is produced by the germination 
of the oospore (fertilized egg) in the venter of the arche- 
gonium. It has an erect stalk 1 or 2 inches in length, with 
a capsule at the top, and a foot which is embedded in the 
tissue at the end of the leafy gametophyte. More than one 
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sporophyte frequently occurs on the end of one stem. The 
mature capsule is either at a right angle to the stem or 
points a little downward. It is green when young and has 
some stomates. At its free end it has a loose hood-like cap 
of tissue called the calyptra, which is the remnant of the 
archegonium carried upward on the elongating sporophyte. 
Beneath this is a cap called the operculum which covers the 
end of the capsule, but is readily detached from it when the 
capsule is mature. Beneath the operculum there are two 
rows of slender teeth which project inward and cover the 
end of the capsule when they are moist, but curve outward 
and uncover the end of the capsule when they are dry, and 
thus allow the spores to escape. These teeth consist of dead 
cells with lignified walls. Comparatively few of the cells 
of the capsule are devoted to the production of spores, by 
far the larger portion of it being composed of sterile (vege- 
tative) cells. There are several layers of sterile cells at the 
outside of the capsule, and inside of this is some spongy 
tissue, while in the center there is a columella. The spore- 
producing tissue is a single layer of cells betw^een the col- 
umella and the spongy tissue, and is in the form of a hollow 
cylinder. When the spores escape they find suitable lodg- 
ment and germinate, producing the protonema. 

Dicranum fuscescens (Fig. 110) also furnishes excellent 
material for the study of the life history of a moss. It is 
found in damp woods, and forms dense growths on decaying 
logs, rich soil, and the bases of tree trunks. Its stems are 
erect, yellowish-green, and are densely covered with narrow 
leaves. A stem usually bears only one sporophyte. The 
calyptra is so long that it is easily pulled off with the fingers, 
and the operculum has a long projection by which it is also 
readily removed. There are sixteen teeth and they are 
readily seen with a hand lens. The position of the antheridia 
and the archegonia, and the arrangement of the leaves around 
them is similar to that seen in Mnium, 

The common hair-cap moss (Polytrichum commune) is a 
large moss growing in tufts on soil. The erect stems are 
stiff and several inches tall, and grow from a prostrate sub- 
terranean stem resembling a rhizome. They are densely 
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covered with narrow leaves, each of which grows from a 
sheath-like base. The stems are sometimes branched and 
the leaves have a “mid-rib.” The antheridia are in a 
terminal cup, or disk, and from the center of many of these 
disks a new stem grows up after the antheridia are mature. 
The archegonial stems have erect, imbricated leaves at their 
tips and are readily distinguished from the antheridial ones. 
The sporophyte is often more than 2 inches tall, and the 



Fig. 111. —Left, feather moss (Hylocomnium sple?idens ) , 

growth. Eight, a prostrate moss, showing axis and leafy branches. 


capsule, when ripe, is reddish-brown and forms approximately 
a right angle with the stalk. The capsule is four-angled 
and is almost completely covered by the large brown calyptra, 
which is composed of hairs ending freely at the bottom. 
When this is removed the short-beaked operculum covering 
the end of the capsule is seen. The teeth, exposed by the 
removal of the operculum are 64 in number, and their ends 
remain attached to the columella, forming a sort of pepper 
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box, from which the spores are sifted. When the capsule 
is moist the spaces between the teeth are closed, and when 
it is dry these spaces are open. Several other species of 
hair-cap mosses, also called bird wheat, or pigeon wheat, 
are common, and the calyptra of some of them is whitish. 

The cord moss (Funaria hygrometrica) is very abundant 
on soil, especially where stumps or other materials have 
recently been burned. It is a small moss with a tuft of 
crowded leaves at the top of the stem. The capsules are 
unsymmetrical and are brown when old. The stalks of the 
sporophytes are cord-like and twist up when dry and untwist 
when moist. 

Vegetative reproduction is common in mosses. Some have 
bulbils which grow directly into leafy stems, and others have 
bodies that produce a protonema. The bulbils may be very 
simple or they may be quite complex bodies, showing rudi- 
ments of stems and leaves. In some species of Aulacomnium 
the protonema-producing bodies are borne in a cluster at 
the top of an erect stalk at the summit of the leafy branch. 
The leaves of some mosses, when dry, break up and the 
pieces grow into new leafy plants. 

The Bog Mosses.— The bog mosses (Sphagnum) (Fig. 112) 
are quite different from the true mosses (Bryales) in habitat, 
in appearance, and in the structure of both the gametophyte 
and the sporophyte. They form extensive growths in damp 
places in cooler regions, the entire surface of the substratum 
being composed of the living moss and dead remains under- 
neath, being frequently 2 or 3 feet thick. In this substratum 
of living and dead moss other plants, especially certain small 
shrubs, grow, and in the older stages, when the moss at the 
surface is mostly dead, forest trees attain considerable size. 
Places where the substratum is composed of living or dead 
bog mosses are called Sphagnum bogs, and the mosses often 
form tussocks of considerable size, and may even grow so 
extensively that the center of the bog is raised several feet 
above the margin. 

When growing, the plants are mostly green, grayish-white, 
or reddish-brown. The stems are branched, and both stems 
and branches are very leafy. The leaves have no mid-rib, 
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and are only one cell thick, and are composed of two kinds 
of cells— large colorless empty ones (hyaline cells) and long 
narrow green ones. The green cells alternate with the hya- 
line ones, and are so narrow that at first sight they might be 
mistaken for the walls of the hyaline cells. The walls of 
the hyaline cells are strengthened by circular bands inside 
and have pores through which water may pass in and out. 
In the outer portion of the “ stems” of some species there are 
cells similar to the hyaline cells of the leaves. These hya- 


Fig. 112. — Peat mosses. Left, Sphagnum paluatre. Bight, S, fuscum. 
(From Hotson.) 


line cells take in and hold considerable water, and bog moss 
brought in from the field often loses over 80 per cent of its 
weight in complete drying. Vegetative reproduction occurs 
by the death of the older portion of the stem and the con- 
tinued growth of the branches thus separated. 

The antheridia and the archegonia are borne on separate 
branches. The sporophyte is a rounded body, black when 
ripe, elevated an inch or less on a stalk, which is a part of 
the gametophyte, and consisting of a foot and a capsule, but 
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no stalk. It has an operculum and a calyptra, and the sporo- 
genous tissue is dome-shaped and four cells thick. When 
the spores germinate they give rise to a short filament, from 
which is produced a flat structure somewhat resembling the 
thalliis of the liverworts, and from this the leafy gameto- 
phyte stems arise. This thalloid phase of the gametophyte 
is quite different from the protonema of the true mosses. 

The Bock Mosses. —The rock mosses (Andreales) grow in 
dry places. They have some morphological features resem- 
bling the true mosses, some resembling the bog mosses, 
and others resembling the leafy liverworts. The first phase 
of the gametophyte has three forms— filaments, a plate, and 
a cylindrical mass of tissue— and leafy branches may arise 
from any of these. When they arise from the filaments a 
resemblance to the true mosses is seen, when from a plate a 
resemblance to the bog mosses, and when from the cylinder 
no resemblance to either one. The sporophyte resembles that 
of the bog mosses in having the spores produced in a dome- 
shaped region, and in being raised on a stalk which is a part 
of the gametophyte. The sporophyte differs from that of all 
of the other mosses, however, in having no operculum, the 
spores being discharged through four slits. 

Distinctions Between Mosses and Liverworts.— It is not easy 
to state any one character which may be used to distinguish 
the mosses from the liverworts, but combinations of charac- 
ters do distinguish them, and when one becomes fairly 
familiar with the two groups it is not difficult to decide to 
which group any plant that is found belongs. The liver- 
worts have a flat thallus or a leafy shoot which is nearly 
always dorsiventral, and the protonema is inconspicuous and 
poorly developed. Nearly all have elaters, and a columella 
is found in the sporophyte in the Anthocerotales only. 
The mosses are all leafy, and their stems are usually erect 
and the leaves spirally arranged. A few, however (Fig. Ill), 
grow flat on the substratum and* have an appearance of 
bilateral symmetry. The protonema is mostly well devel- 
oped, the capsule in all mosses has a columella, and none have 
elaters.;, 
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Lines of Development. -“Since it is the sporophyte that is 
most important in tracing the relationship of the Bryophytes 
to the Pteridophytes, it is evident why the mosses are placed 
above the liverworts. The sporophyte of the mosses is 
more complex than that of the liverworts and shows a much 
greater degree of differentiation, especially of cells related to 
protection, food supply, and dissemination of spores, and 
this shows progress toward the Pteridophytes. It must be 
remembered that the complexities of the gametophytes of 
the Bryophytes do not show important relationship to the 
Pteridophytes, since the gametophytes of the latter are much 
reduced and the sporophyte is the conspicuous and highly 
differentiated generation. 

Suggestions for Further Reading. 

1. Brathwaite, R.: The Sphagnaceas, or Peat Mosses, of Europe 
and North America, London, 1880. 

2. Campbell, D. H. : The Structure and Development of Mosses and 
Ferns, New York, 1905. 
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Seattle, 1928. 

4. Dunham, Elizabeth: How to Know the Mosses: A Popular Guide 
to the Mosses of Northeastern United States, New York, 1916. 

5. Grout, A. J. : Mosses With a Hand Lens, 2d ed., New York, 1905. 



CHAPTER XVII. 


THE FERNS AND THEIR CLOSE RELATIVES 
(PTERIDOPHYTES). 

The Pteridophytes are the common ferns and their close 
relatives. In size they vary from a floating water fern 
showing only a few small leaves to the tree ferns which may 
reach a height of 25 feet or more. In temperate regions the 
Pteridophytes most frequently seen are the common ferns, 
such as the Christmas fern (Fig. 150), the licorice fern, the 
the maidenhair, and the bracken (Fig. 113). All of tlie plants 
that are essential to a general understanding of the division 
are included in five orders-^the Lycopodiales (club mosses 
and moss ferns), the Isoetales (quillworts), the Equisetales 
(horsetails, or scouring rushes), the Ophioglossales (g. 
the grape ferns), and the Filicales (true ferns and water 
ferns). All Pteridophytes have true stems and leaves, and, 
with rare exceptions, they have roots also. The roots, stems, 
and leaves of most of them grow by the continued division 
of a single apical cell one for each branch, instead of from a 
meristem of several cells, as those of the seed plants do. 
All of them show alternation of generations, the leafy plant 
that we ordinarily see being the asexual generation (sporo- 
phyte), and the sexual generation (gametophyte) being 
smaller and less conspicuous. The sporophyte has true 
conductive tissue, and in this and in other vegetative struc- 
tural characters it resembles the sporophyte of the seed 
plants. The sporophyte begins its life history attached to 
the gametophyte, but soon becomes independent of it by 
sending its own roots into the soil and expanding its own 
green leaves to the air, or in rare cases in water. The two 
generations are characterized by the 2x (diploid) number of 
chromosomes in the cells of the sporophyte and the x 
(haploid) number in those of the gametophyte. The diploid 
number is 90 in one common fern and 128 in another. Other 
chromosome numbers are found in other ferns. 
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Fig. 113. — The bracken fern (Pien<Zwm aquilinum). tipper left, portion 
of a leaf. Lower left, portion of a rhizome with roots and bases of old 
leaves. Right, a young plant with leaL rhizome, and roots. At left of 
young plant, a leaf at the stage that it breaks through the soil, showing 
unfolding with growth. 
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SOME COMMON FERNS, 

The general character of the Pteridophytes may best be 
made clear by describing some common examples of the true 
ferns and then comparing the plants of the other three classes 
with them. It should be remembered, however, that the 
commonly accepted morphological sequence of the five orders 
is that given above. The common brake, or bracken fern 
{Pteridium aquilinum) (Fig. 113) is widely distributed in the 
United States and other countries. It is a vigorously grow- 
ing, hardy fern less than 2 feet tall in many localities, but 



Fig. 114. — Diagrammatic cross-section of rhizome of common brake 
{Pteridium), Outside of dotted line, cortex composed mainly of scler- 
enchyma. The two heavily shaded portions are mechanical tissue (scler- 
enchyma). The stippled areas are vascular bundles. The remaining 
portion is storage parenchyma, (Drawn by M. W. Phifer.) 

reaching a height of 8 feet or more in others. The stem is 
entirely underground and the aerial portion consists of one 
or more leaves arising from this and coming from the soil 
singly. The stem is a branched, dark-colored, horizontal 
rhizome, sometimes reaching a diameter of 1 inch, but 
usually much smaller. It may reach a length of several 
feet, and is usually 6 inches or so under the surface of the 
soil, though portions of it are sometimes found growing at a 
depth of 2 feet or more. The surface is hard and breaks 
readily when bent sharply, but some of the interior portions 
are tough and pliable. It grows from the tips and the older 
portions die. 
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This rhizome is easily cut in two with a knife, and on the 
cut end three tissues are readily distinguished— a hard tissue 
(sclerenchyma), a soft tissue (parenchyma) and the vascular 
bundles (Fig. 114) . The sclerenchyma is composed of closely 



Fig. 115.— Cross-section of vascular bundle of common brake. Tbe 
central portion (xyiem) is composed largely of tracbeids. These show 
large lumen and thick walls, with middle lamella between them. The thin- 
walled cells among the tracheids are parenchyma. The endo dermis is 
the layer of darkened cells surrounding the bundle. Just within this is the 
pericycle consisting of one or more layers of cells. Next to the xyiem are 
the large, thin- walled sieve tubes. Between the sieve tubes and the peri- 
cycle are some smaller cells with thicker walls. (Drawn by M, W. Phifer.) 

packed cells with thick lignified walls. It covers the entire 
surface and is also found in the interior. In the cross-section 
two dark-colored masses of sclerenchyma, one straight and 
the other curved, are usually seen, though the two are often 
fused, forming a roughly circular figure flattened at one side. 
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When the rhizome is torn to pieces these hands of scleren- 
chyma are found to be strong and pliable, thus differing from 
the external cortical sclerenchyma, which is hard but brittle. 
Very small scattered masses of sclerenchyma are also seen 
in the cross-section. The parenchyma is soft and white, and 
forms the main bulk of the rhizome. Storage is a large 
function of this parenchyma, and its cells contain numerous 
starch grains. 

The vascular bundles are brown in color, and in cross-sec- 
tion they appear in two series, one series outside of the 
sclerenchyma masses and the other series between the masses 
or within the circle formed by their fusion.. The bundles 
are variable both in number and in the form of their cross- 
section. There may be as many as ten or more in the outer 
series, and they are usually circular or oval in cross-section. 
There are fewer, frequently two or three, in the inner series, 
and they are commonly in the form of elongated ovals in 
cross-section. 

Each bundle (Fig. 115) has the xylem in the center sur- 
rounded by the phloem. The whole bundle is surrounded 
by an endodermis composed of a single layer of cells, and 
within this is a pericycle a few cells thick. The xylem is 
composed mainly of large tracheids, flattened where they 
are in contact with one another. Their walls are thick and 
lignified. Groups of smaller tracheids are present among 
the larger ones. In the development of the bundle these 
are formed before the larger ones and they constitute the 
protox;;ydem, the xylem formed later being called the meta- 
xylem. The metaxylem develops in all directions, leaving 
the protoxylem strand centrally located in the mature bundle. 
The tracheids of both the xylem and the protoxylem consist 
of a cell wall and lumen only, the living protoplast having 
disappeared. There is also some parenchyma in the xylem, 
and this is usually continuous with the parenchyma in which 
the sieve tubes are embedded. There is usually only one 
row of sieve cells, and they have thin walls and are larger 
than the cells of the parenchyma of the bundle. The phloem 
lacks the companion cells which are characteristic of the 
phloem of the bundles of seed plants (Fig. 19). 
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All of the tissues described are seen also in a longitudinal 
section of the bundle (Fig. 115). Each tracheid is a single 
cell, several times as long as broad, and having oblique end 
walls. A few of the pits in its wall are almost circular, but 
most of them are transversely elongated, giving the whole 
cell a somewhat ladder-like appearance. Because of this 
appearance they are called scalariform tracheids from the 
Latin word ‘'scala/' meaning a ladder. The sieve cells 
taper at the ends, and their walls are marked by numerous 
sieve plates which are common to the walls of two cells lying 



Fig. 116. —Longitudinal section of a vascular bundle of the common 
brake (Pteridimn^)* Two tracheids are shown at the center. The row of 
darkened cells near each side of the figure is the endodermis. The three 
rows of cells Just inside these are the pericycle. The phloem is seen between 
the pericycle and the tracheids. Parenchyma cells are shown outside the 
endodermis at each side of the figure. (Drawn by M. W. Phifer.) 

against each other. The contents of the sieve cells are watery 
and are not seen in either the longitudinal section or the 
cross-section. 

The rhizome *has long slender roots, each having a central 
strand of vascular tissue composed of xylem and phloem, 
which is surrounded by parenchyma tissue extending to the 
endodermis, outside of which is a cortex composed of thick- 
walled cells. The growing tip of each root is covered by a 
cap, and back of this there are root hairs which are out- 
growths from the surface cells. 
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The leaf of the brake (Fig. 113) is large and much branched. 
The long erect stalk usually branches into three parts, and 



Fig. 117. — Cross-section of portion of sclerenchyma (right) and parenchyma 
(left) of rhizome of common brake. (Drawn by M. W. Phifer.) 



Fig. 118. — Diagrammatic longi- 
tudinal section of rhizome of common 
brake, showing intercommunications 
of vascular bundles. (From Angst.) 



Fig. 119.— a leaflet of the sword 
fern (Polystichum munitum), show- 
ing venation and sori. (Drawn by 
E. C. Angst.) 
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these agaia branch, the ultimate branches beaming numerous 
pinnately-arranged leaflets, each having many pinnate lobes. 
The vascular bundles of the petiole originate from those of 
the rhizome, and their branches extend into the parenchyma 
tissues of the leaflets. The leaflets have an epidermis with 
stomates, and the parenchyma occupying the interior has 
many , intercellular spaces. The leaves die in the fall and 
new ones come up in the spring, with their tips coiled (Fig. 
113) and unfold as they grow. 



Fig. 120. — Detail of a portion of a leaflet of sword fern, showing the 
indusmm of two sori, with sporangia projecting from under them. (Drawn 
by E. C. Angst.) 

The spores of the brake are borne in sporangia (Fig. 122), 
which form a row around the lobes of the leaflets on the under 
side, and are covered by the modified margin of the lobes. 
A membranaceous covering for sporangia is called an indu- 
sium, and where it is formed by the margin of the leaflet it 
is called a false indusium to distinguish it from a true indu- 
sium which will be described later. 

The sporangium is a stalked structure with a spheroid 
spore case, having a row of thick-walled cells extending over 
it called an annulus. The annulus begins at the base of the 
spore case and extends vertically over the top, but not quite 
to the base on the opposite side. When the sporangium is 
mature the annulus straightens out as it dries, and the wall 
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of the spore case is ruptured on the side where the annulus 
is not complete, discharging the spores. As the diying con- 



Fig. 122. —A fern sporangium, showing spores and ring (annulus). (Drawn 
by E. G. Angst.) 


tinues, the annulus finally snaps back to its former curved 
shape and the spores are thus often thrown forcibly out. 
The sporangium is developed by the continued division of 
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an outer cell of the leaf tissue, and this kind of sporangium 
development (leptosporangiate) is characteristic of most of 
the true ferns as distinguished from the eusporangiate 
development {i. e., from an inner cell, see p. 278) of the 
sporangium of some other Pteridophytes. 



Fig. 123.”- Lower surface of a prothallus (gametophyte) of a fern. Arche- 
gonia are shown near the notch, and antheridia below. Rhizoids are also 
shown. (Drawn by E. C. Angst.) 

The spores grow into the gametophyte generation, called 
a prothallus (Pig. 123), which is a green, heart-shaped struc- 
ture, usually less than | inch in diameter, growing flat on 
the substratum. The prothallia of other common ferns are 
similar to those of the brake, and fern prothallia are common 
in damp shady places on soil and decaying wood, and are 
often formed on flower pots or soil in greenhouses. When 
the spore germinates it first produces a filament of cells, and 
the prothallus grows from this. The prothallus has rhizoids, 
but otherwise shows little differentiation of its vegetative 
tissue. The antheridia and the archegonia are borne on its 
under surface (Fig. 123), the former on the older portion 
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near the rhizoids, and the latter on the newer portion near 
the notch. The antheridia are dome-shaped structures pro- 
ducing spiral, multiciliate sperms which move through a film 
of water to the archegonia. The venters of the archegonia 
are embedded in the prothallus, and their necks curve back- 
ward toward the antheridia. The neck canal cells disinte- 
grate, as in the Bryophytes, leaving an open passage to the 
egg in the venter. The sperms enter through this passage 
and one of them fuses with the egg, forming the o5spore, 
from which the sporophyte is produced. Though there are 
several archegonia, only one mature sporophyte is commonly 
produced from a prothallus. The young sporophyte grows 
upward past the edge of the gametophyte at its notch, and 
after a short time becomes independent of it and the gameto- 
phyte then dies. 

The Christmas fern {Polystichum acrostichoides) has its 
leaves in clusters, each cluster coming from a short rhizome. 
The newer portion of the rhizome is so thickly covered with 
the bases of living leaves, and its older portion with the 
bases of dead leaves, that it is usually seen only when these 
are cut away. The leaves remain green through the winter, 
though they often recline on the ground because of the 
weakening or even decay of the softer tissues at the base. 
They are much used for winter decorations. They often 
reach a height of 3 feet and the leaflets are pinnately arranged. 
The sporangia are borne in round dots called sori (sing., 
sorus) on the backs of the leaflets. The sori are commonly 
found on the leaflets toward the upper end of the leaf, the 
leaflets toward the base being sterile. There are usually 
two rows of sori on a leaflet, one on each side of the mid- 
rib and parallel to it (Fig. 119). Each sorus is covered by 
a membranaceous indusium attached at its center and free 
at the margin (Fig. 121). A special covering such as this is 
called a true indusium, to distinguish it from the false 
indusium seen in the brake and some other ferns. The 
sporangia are similar to those of the brake, and the life 
history is essentially the same. 

The sword fern mw^3^^^m) (Fig. 150), an 
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evergreen fern common from Alaska to Idaho and California, 
is also often called a Christmas fern. Its leaves, often as 
much as 4 feet long, are very leathery and are much used 
for winter decorations. Like the eastern species, it is very 
hardy and it is often transplanted to gardens. 

The ferns described belong to the family Polypodiace^, 
which includes most of the ordinary ferns of the temperate 
regions. The members of the family differ a good deal in 
the size and form of their leaves and in the way that the 
sporangia are borne. The rock brakes (Cryptogramma) are 
low, tufted plants with two kinds of leaves, one kind (fertile) 
bearing sporangia, and the other kind (sterile) being vege- 
tative only. The leaflets of the fertile ones are narrow, and 
have their margins inrolled, while those of the sterile ones are 
somewhat broader and are flat. The deer fern (Lomaria) 
shows a still greater difference between the sterile leaves 
and the fertile ones. The former are pinnate green leaves 
about 1 foot long, tending to recline on the substratum, while 
the latter are slender, erect, plume-like leaves reaching a 
height of 2 feet, less conspicuously green when mature, and 
performing mainly the function of spore-bearing. The 
maidenhair (Adiantum) is a delicate fern growing in damp, 
shady places, with dark-colored, shiny leaf stalks and num- 
erous leaflets. The sporangia are borne in interrupted lines 
on the margin of the leaflets, and are covered by a false 
indusium. Several ferns belonging to the genus Polypodium 
{e, g-, the common polypody and the licorice fern) have 
pinnate leaves growing singly from an elongated creeping 
rootstock. The sporangia are borne on the backs of the 
leaf lobes in round sori without an indusium. These ferns 
grow mostly in moss or decaying vegetable matter on rocks 
and tree trunks. 

The stem structure described in Pieridium (the brake) is 
one of four kinds of structure found among the true ferns. 
All four kinds have a central cylinder of vascular tissue, 
called a stele, surrounded by a rather thick cortex of living 
cells. The four kinds of steles are as follows: (1) The 
protostele (G/etcAenia, a tropical fern) in which there is a 
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central cylindrical strand of vascular tissue without pith, 
the xylem being inside and the phloem entirely surrounding 
it. This is regarded as an early form in the development, 
or evolution, of vascular stems. (2) The amphiphloic siphon- 
ostele (Adiantum, the common maidenhair), in which the 
stele is a tube with pith inside and an endodermis outside. 
The xylem in this stem is in the form of a tube with a layer 
of phloem inside of it and another outside. It is called a 
siphonostele because it is in the form of a siphon, or tube, 
and is called amphiphloic because the phloem is on both 
sides of the xylem. (3) The polystele {Pteridium) in which 
the stele consists of several separate bundles, each with a 
xylem in the center, without pith, and a phloem all around 
it, and an endodermis around this (Fig. 115). (4) The 

ectophloic siphonostele (Osmunda, the royal fern) in which 
the stele is a tube with pith in the center, and the xylem is 
in separate strands with pith rays between them and the 
phloem is outside of the xylem. This stele is called ecto- 
phloic because the phloem is outside of the xylem. It is 
regarded as the highest stage in the development or evolution 
of stems among the true ferns, and it is somewhat similar 
to the stems of seed plants. 

Both the sporophyte and the gametophyte of the true 
ferns are reproduced vegetatively. In the brake new sporo- 
phytes arise by the continued growth of the branches of the 
rhizome and the decay of the older portions until the branches 
are separated. In some ferns buds are produced on the 
sporophyte, and these grow into new sporophytes. The 
gametophytes of some ferns produce bodies called gemmae, 
which grow into new gametophytes in somewhat the same 
way that the gemmae of the Bryophytes do. Instances have 
also been found in which the gametophyte produces a sporo- 
phyte vegetatively, and others where the sporophyte pro- 
duces a gametophyte vegetatively, thus omitting from the 
usual life history the sex organs in the former case and the 
asexual spores in the latter. The former is called apogamy 
and the latter apospory. 
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THE TREE FERNS. 

The tree ferns also belong to the order Filicales, and are 
closely related morphologically to the ferns of the family 
Polypodiace^e, though they differ much from them in size 
and general appearance. The strength of their stems is due 
partly to the presence of large masses of sclerenchyma and 
partly to the growth of adventitious roots from the surface 
of the stem, forming a thick covering over it, often many 
times as thick as the original stem. 

THE WATER FERNS. 

The water ferns also belong to the class Filicales. The 
plants of two of the genera (Azolla and Sahinia) float, and 
consist mainly of leaves and roots. Those of the other 
genus (Marsilea) grow in the mud at the bottom of shallow 
water and send their leaflets up into the air. There are four 
leaflets on each stalk and they look somewhat like a four- 
leaf clover. 

THE LYCOPODIALES. 

Tw^o genera of Lycopodiales are oommon--- Lycopodium 
(club mosses) and Selaginella (moss ferns). 

The Club Mosses. —The ground pine {Lycopodium ob- 
scurum) is a leafy plant with long creeping stems upon 
which are borne erect branching stems. The creeping stem 
may be either underground or on the surface, and in either 
case it is anchored to the soil by slender roots. The stems 
have a protostele, which in the mature plant has its xylem 
divided into irregular portions instead of being a solid mass 
as in the protostele of the true ferns. The metaxylem 
develops toward the center of the stem so that the protoxylem 
is on the outside. 

Both the creeping stem and the erect ones are covered 
with small leaves borne in four ranks. 

The spore-bearing structures are erect, club-shaped stro- 
biles, borne in clusters of 2 to 4 on a slender, erect stalk 
arising from the end of a branch of the upright stem. The 
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strobile has a central axis, or stalk, completely covered with 
closely overlapping leaves, each of w’-hich has a sporangium 
on its upper vsurface at the base. A leaf which bears one or 
more sporangia is called a sporophyll, and the leaves of this 
strobile are all sporophylls. The sporangium of Lycopodium 
is developed from a row of cells which are covered by a layer 
of sterile cells. This is known as the eusporangiate method 
of sporangium formation, in distinction from the lepto- 
sporangiate method of most of the true ferns {Pteridium, 
p. 265). 

The gametophyte is a tuberous subterranean body with 
a lobed, green, aerial crowm in -which the archegonia and the 
antheridia are borne. The sperms are biciliate, and in this 
they resemble those of the Bryophytes and differ from those 
of the true ferns. The archegonia are embedded in the 
tissue of the gametophyte, and in this way they resemble 
those of Authoceros, 

Other species of Lycopodium differ somewhat from the one 
described in form and general appearance and in the char- 
acter of the sporophylls. The shining club moss (i. lucidu- 
lum) does not have a trailing stem, and the sporangia are 
borne in the axils of ordinary leaves of the erect stem. In 
this case the strobile, so far as general appearance is con- 
cerned, is not a specialized structure distinguished from the 
other portion of the branch, and the sporophylls are like the 
sterile leaves except that each bears a sporangium. 

The Moss Ferns.— The moss ferns look somewhat like small 
club mosses. Selaginella rupestris is a grayish-green peren- 
nial plant found in many places in northern United States 
and in some places in the South. It forms mats on rocks in 
open places and has prostrate stems, sometimes 1 foot long, 
with erect branches usually less than 3 inches tall. The stem 
is covered with very small leaves, usually in eight ranks, and 
each leaf has a slender, whitish bristle at its tip. The spor- 
angia are borne in erect, four-angled strobiles produced at 
the tips of the erect branches. They are on the stem, very 
close to the bases of the leaves. Some of the sporangia 
produce large spores called megaspores, and others produce 
small ones called microspores, the former producing female 
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gametopliy tes and the latter male gametophy tes. The 
megasporangia are orange colored and are large enough to 
be seen with the unaided eye. A plant producing two kinds 
of asexual spores is called a heterosporous plant, and the 
condition is called heterospory. The moss ferns, being 
heterosporous, differ from the true ferns, which are all 
homosporous. Both kinds of gametophytes are small and 
are produced within the spore wall. A striking feature of 
the moss ferns is that the megaspore is not discharged from 
the sporangium. The development of the female gameto- 
phyte, the fertilization of the egg in the archegonium, and 
the beginning of the development of the sporophyte, all take 
place in the strobile, where the megaspore was formed. In 
being heterosporous and retaining the megaspore within the 
sporangium wall and forming the young sporophyte there, 
Selaginella shows close similarity to the seed plants. In the 
character of the male gametophyte this plant also shows 
features like those of the seed plants, but in having biciliate 
sperms it resembles the Bryophytes, and it also resembles 
some of the Bryophytes (Anthoceros) in having the archegonia 
embedded. 

THE QUE.LWOETS (ISOETALES). 

The quillworts are perennial plants, usually growing under 
water. They are anchored to the substratum by numerous 
forked roots, and sometimes occur where the water is as 
much as 10 feet deep, though they are usually in much 
shallower water, and are sometimes found in places where 
the receding water leaves them exposed to the air during a 
part of the season. The plant looks somewhat like a tuft 
of grass or sedge a few inches tall. Its stem is so short and 
flat as to be somewhat disk-like, and is almost completely 
concealed by the flattened bases of the leaves, the npper 
portions of which are round and tapering. Each of the 
outer leaves bears a sporangium in a cavity in the inner 
surface of its base, partly covered by a membrane. Each 
sporangium is separated by partitions into several cavities 
in which the spores are borne. The sporangia are of two 
kinds™ megasporangia, bearing megaspores, and microspor- 
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angia; bearing microspores. The sporophylls are also of 
two kinds, megasporophylls and microsporophylls. The 
gametophytes are of two kinds— female, produced by the 
megaspores, and male, produced by the microspores. Both 
are similar to those of Selaginella, but the sperms are multi- 
ciliate. The quillworts all belong to one genus (Isoetes), 
which is the only genus of the family Isoetacese, and this is 
the only family of the order Isoetales. 

THE HORSETAILS (EQUISETALES). 

The horsetails (Fig. 124) are jointed plants with longi- 
tudinally ribbed stems, which feel rough to the touch, and 
inconspicuous leaves united in a whorl at the nodes. They 
all belong to the genus Equisetum and this is the only genus 
in the order Equisetales. 

The field horsetail (E, arvense) is common in many parts 
of the United States and other countries. It grows in 
meadows and cultivated fields, and is especially common on 
railroad embankments. It is quite variable in form and 
appearance, but certain features are always present. It has 
two kinds of stems, fertile and sterile, both growing from the 
same perennial rhizome, which is sometimes as much as 1 
foot underground. Both kinds of stems are hollow. 

The fertile stems are light brown in color, are unbranched, 
and usually less than I foot tall. They come up early in 
the spring, grow rapidly, and die as soon as they have shed 
their spores. The sheath of leaves is whitish, and ends in 
about 12 slender, tapering teeth. Each stem bears at its 
tip an erect slender cone-like strobile. When the strobile is 
young its surface is formed by six-sided disks crowded 
closely together, but as it becomes older these disks separate, 
and each is seen to be borne on a stalk and to have several 
sporangia projecting inward from its inner surface. Each 
disk with its stalk is thus morphologically a sporophyll. 
Each sporangium opens by a slit and discharges its spores. 

The sterile stems (Fig. 152) are green and branched, and 
are usually taller than the fertile ones, though they some- 
times have a spreading form. They appear about the time 
that the fertile ones are shedding their spores, continue 



THE HORSETAILS 


Fia. 124.— A scouring rush {Equisetum telmateia ) . Left, a rhizome with 
three sterile stalks, and two fertile stalks, each bearing a strobile at the top. 
Center, a stalk bearing a strobile and showing whorls of united leaves. 
Right, an older sterile stalk, showing whorls of branches. Lower right, 
portion of a rhizome with roots. 
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growing during the summer, storing up food in the under- 
ground rhizome, which is used by the non-chlorophyll-bearing 
fertile stem in its growth, and die in autumn. Tuber-like 
bodies, which probably store food, are found on the rhizome. 
The sterile stem has 6 to 9 ribs, and its branches are sharply 
three- or four-angled. It contains much silica in its epidermis 
and has stomates. 

The spores are numerous and are pale green in color. 
Each one has two strap-shaped appendages attached at their 
middle to one pole of the spore, thus forming four free por- 
tions which coil tightly around the spore when wet and 
spread out when dry. These appendages are called elaters, 
and their movements are readily seen under the microscope 
if the spores are mounted on a slide without a cover-glass. 
When they are breathed on the elaters coil up and then 
uncoil as they dry. These spores all look alike, but they 
produce two kinds of gametophytes, male and female, and 
the entangling of the spores in a mass because of the action 
of the elaters makes probable the presence of both sexes in 
the group of gametophytes, so that fertilization is relatively 
certain. The gametophytes are small, branched structures 
and are not commonly seen. 

The giant horsetail (E, telmateia) (Fig, 124) occurs in 
western United States and in Europe. It is very similar 
to the field horsetail, and shows the general features of the 
genus Equisetum, It is, however, much larger than the 
field horsetail, its sterile stems sometimes reaching a height 
of 6 feet, and it is less variable in form. Some species of 
Equisetum are evergreen. An example of these is the com- 
mon scouring msh (E. hyemale), which is found in many 
parts of the United States but not in the extreme south. 
Its stems are from 2 to 4 feet tall and seldom branch. They 
are very rough and were formerly used for scouring floors. 

In their vascular anatomy the stems ot Equisetum differ 
considerably from those of the other Pteridophytes. There 
is one vascular bundle in each ridge of the stem, but the 
bundles are poorly developed, the xylem being largely 
replaced by an air passage. The xylem and the phloem lie 
side by side and the bundles are, therefore, collateral. The 
metaxylem develops outwardly from the protoxylem. This 
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is regarded as a high character, since it is the condition 
found in seed plants. The stomates are in the furrows 
between the ridges, and chlorophyll is most abundant in the 
* cells near them. The work of photosynthesis is done by the 

stem, and not by the leaves. 

THE GRAPE FERNS. 

The Ophioglossales are illustrated by the common grape 
I ferns (several species of Botrychium). The stem is entirely 

underground and the leaves are fleshy. One portion of the 
leaf is vegetative and the other produces the globular clus- 
tered sporangia. The vascular cylinder is a siphonostele 
made up of collateral bundles, each containing cambium, 
and thus having secondary growth. The bundles are sepa- 
rated by pith rays, and the whole stele is strikingly like that 
i of the seed plants. 

LINES OP DEVELOPMENT. 

The Pteridophytes are clearly distinguished from the 
Bryophytes by the character of the sporophyte. The sporo- 
phytes of the Pteridophytes have leaves, stems, and roots, 
all of these organs having vascular tissue, and, after a brief 
connection with the gametophyte, they become independent. 
They are thus quite different from even the most highly 
i developed sporophytes found among the Bryophytes. The 

I Pteridophytes are distinguished from, the Spermatophytes 

(seed plants) by the fact that they do not have seeds. 
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CHAPTER XVIIL 


THE CONIFERS AND THEIR CLOSE RELATIVES 
(GYMNOSPERMS). 

Thebe are four groups of living gymnosperms— tlie 
Cycadales (cycads), the Ginkgoales (the maidenhair tree), 
the Coniferales (the yews and the pines and other conifers), 
and the Gnetales {Eiohedm, Tumhoa, and Gnetum), There 
are also some extinct gymnosperms whose fossil remains give 
some clues to the development of the group. 

The conifers are the Gymnosperms most commonly seen 
in the north temperate zone, and they furnish the natural 
point of beginning in describing the class. Since the pines 
are widely distributed and are fairly representative of the 
conifers, an understanding of the group may be given by 
describing these and then comparing some others with them. 

THE PINES. 

The pines are cone-bearing, evergreen trees whose leaves 
are borne in clusters (fascicles) of two, three, or five. Their 
stems (Fig. 31) have pith, wood, cambium, and bark. The 
pith is undifferentiated tissue, consisting of living cells in 
very young stems, but of dead cells with lignified walls in 
the older ones. In the large trunk of the tree the pith is 
insignificant in amount. Just outside the pith is the proto- 
xylem and outside of this is the metaxylem, the two con- 
stituting the primary xylem, showing no regular arrangement 
of its cells. The metaxjdem develops outside of the proto- 
xylem. Outside the primary xylem is the secondary xylem, 
which makes up the main portion of the wood of the tree. 
It shows annual rings and wood rays. Each annual ring 
consists of two portions— the spring cells and the summer 
cells. The spring cells have thin walls and large lumen, 
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while the siiinmer cells have thick walls and relatively small 
lumen. The wood rays are bands of short cells radiating 
from the center with some short tracheids accompanying 
them. The living cells of the rays in the wood have large 
nuclei^ and many of them, at least in winter, contain starch 
grains. The primary wood rays extend outward from the 
primary xylem, and since this is small in amount they often 
seem to extend from the pith, and hence are often called 
pith rays. The rays are formed from the cambium and the 
secondary rays formed later may be traced inward from it, 
but do not extend all the way to the primary wood. The 
wood ray of the pines is a flat structure, usually one cell in 
thickness and six to eight or more cells in height, occupying 
a radial position in the stem. The xylem contains no true 
parenchyma, and is made up largely of elongated tapering 
conductive, cells called tracheids, whose walls have bordered 
pits (Fig, 35) which are common to the walls of two tracheids 
where they are in contact. Resin canals extend crosswise 
of the stem in some of the wood rays, a ray containing a 
resin canal being several cells thick. 

The cambium lies between the wood and the bark and 
consists of a few layers of cells somewhat rectangular in cross- 
section arranged side by side in rows. These cells have 
thin walls, large nuclei, and active protoplasm. Cambium 
is a meristematic tissue, and as its cells divide some of the 
cells produced remain meristematic, some form xylem (wood) 
on the inner side of the cambium, and others form phloem 
(bark) on the outer side. 

The bark contains sieve cells, phloem rays, bast, stone 
cells, crystal cells (Fig. 28), and parenchyma, and when very 
young is covered with an epidermis which is later replaced 
by a layer of cork several cells thick. The sieve cells are 
elongated, with tapering ends, and are mostly rectangular in 
cross-section. During its functional period a sieve cell con- 
tains protoplasm, which is continuous with that of others in 
contact with it through pores in the sieve plates in its side 
walls. As the sieve cells become older, the protoplasm dis- 
appears, and each sieve plate is covered by a callus which 
closes the pores. The sieve cells usually function during 






■A redwood forest on Bull Creek flat near Dyeville, Calif. 
(Courtesy of W. G. Corbitt,) 
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tlieir first year only, and in the portion of the bark more 
than one year old they are usually collapsed. 

The phloem rays extend outward from the cambium, and 
many of them seem continuous with those of the rays in 
the wood. The rays are straight in the newer portion of 
the bark, where the sieve cells retain their protoplasm and 
are still active, but become irregularly curved farther out, 
where the sieve cells are dead and collapsed. Some of the 
ray cells have communication with the sieve cells through 
pits in the walls of both. 

Parenchyma is not abundant in the phloem portion of the 
bark, though it may occur farther out in young bark as 
cortical parenchyma. In the phloem portion it is composed 
mostly of scattered rows of cells extending lengthwise of the 
stem. In the younger portions of the bark these cells are 
living and have large nuclei, and contain starch grains at 
least during the winter. Resin canals extend lengthwise in 
the cortical parenchyma of young bark. 

The cells of the protective layer of cork which covers the 
bark of the older stems of the pines are rectangular in cross- 
section and lie side by side in radial rows. When mature 
they are dead cells and show only walls and lumen. Their 
walls are composed largely of a fatty substance called suberin, 
which is practically impervious to. moisture, and thus pro- 
tects the deeper lying tissues from the loss of water by 
evaporation. Patches of looser tissue called lenticels are 
common on the twigs and younger stems, and allow the ex- 
change of gases by diffusion between the tissues of the bark 
and the outer air. Cork is formed from meristematic tissue 
called cork cambium (phellogen) which originates from cells 
in the outer portion of the bark, and the tissue of the lenticels 
is also formed from this cambium. As the bark grows older, 
new layers of phellogen are formed farther in, and the outer 
portions of the bark thus cut off are eventually shed as 
small scaly masses. 

The wood of a pine stem is thus seen to be composed of 
xylem, while the phloem forms a considerable portion of the 
bark. In the mature stem the vascular bundles do not 
appear as separate structures, but when they are first formed 
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from the apical meristem in the elongating tip of the stem 
they can be recognized as individuals. They are collateral, 
since the xylem and the phloem lie radially side by side, 
and they have cambium and are thus capable of secondary 
thickening. 

The roots of the pines when they are several years old are 
similar in structure to the stems except that they have no 
pith, the central portion being occupied by the primary wood. 
The amount of primary wood is relatively large, and the 
metaxylem develops inward from the protoxylem. The root 
is thus exarch while the stem is endarch. Cortex is present 
in the young root (Fig. 44), but it does not increase much 
and soon disappears as the root grows. Flairs are present 
on the young root, but they are not abundant and do not 
last long. 

The leaves of some species of pine are very long (over 6 
inches), while those of others are much shorter. They are 
all needle-like, and have an epidermis (Fig, 15) composed of 
one layer of thick-walled cells, beneath which is a hypodermis, 
composed of one or more layers of cells whose walls are also 
thick. The stomates are sunken in the epidermis. A single 
vein composed of one or two vascular bundles extends length- 
wise through the center of the leaf. Outside the bundles 
is a layer several cells thick composed partly of parenchyma 
and partly of transfusion tissue (Fig. 15) whose cells are 
empty and whose walls are pitted. Outside of this is an 
endodermis of one layer of cells, and between the endodermis 
and hypodermis is the mesophylL The cells of the meso- 
phyll contain chloroplasts, and the walls of the cells are 
infolded so that they project into the interior of the cell. 
Several resin canals extend lengthwise through the mesophylL 

The strobiles of the pines are of two kinds, ovulate and 
staminate. The ovulate strobile is woody and is what we 
call the cone of these trees. These cones remain on the 
tree more than one year, falling at the end of the year in 
which the seeds are mature (usually the second season) in 
many of the species, but persisting for many years in a few. 
The cone has a central axis on which the scales are borne. 
In the mature cones the scales are large and usually woody. 
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On the inner surface of each scale of the young cone are borne 
two ovules, each with its micropyle opening toward the base 
of the scale. The scale is the megasporophyll, the ovule is 
the megasporangium, and the megaspore is commonly called 
the embryo sac. The micropyle is the opening in the integu- 
ment of the ovule, the main body of the ovule is the nucellus, 
and the embryo sac is borne within this. 

The staminate strobiles are borne in clusters around young 
twigs and are smaller and more numerous than the ovulate 
ones. They are temporary structures, withering as soon as 
the pollen grains are discharged. Each has an axis on which 
are borne bract-like microsporophylls, each of which has a 
sterile tip and bears two pollen sacs (microsporangia). The 
pollen grains (microspores) are formed in tetrads from the 
pollen mother cells. The grains are produced in large num- 
bers, and each has two rounded, wing-like, membranaceous 
extensions of the outer wall which facilitate its transfer by 
wind. • 

The megaspore germinates and produces within the 
nucellus the female gametophyte, which consists of a large 
mass of nutritive tissue and a few archegonia. The nutritive 
tissue is called the endosperm, and it represents the vegetative 
portion of the female prothallus. The neck of an arche- 
gonium is several cells thick, and a ventral canal is formed 
which disintegrates, opening a passage to the egg in the venter. 

The scales spread at the time of pollination so that a 
quantity of pollen collects at the base of the scale and some 
of the grains come into contact with the micropyle. The 
lips of the integuments roll up and unroll with changes in 
moisture, and some of the pollen grains are thus pressed 
against the surface of the nucellus. 

The pollen grain (microspore) produces the male gameto- 
phyte. The grain undergoes divisions before it is shed from 
the mierosporangium, and produces four cells within its wall. 
Two of these cells are vegetative and are thought of as repre- 
senting the vegetative portion of a prothallus. Both of these 
disorganize after the other two (generative cell and tube 
nucleus) are produced. The pollen grain when shed is thus 
a two-celled structure which, may be thought of as an 
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aiitheridium. The further growth of the pollen grain takes 
place after it enters the micropyle of the ovule and comes into 
contact with the nucellus. The generative cell divides^ pro- 
ducing two cells, and the pollen tube grows from the cell 
containing the tube nucleus. This tube penetrates the tis- 
sue of the nucellus and reaches the neck of an archegonium. 
The tube nucleus and generative antheridial cell pass into 
the pollen tube, and by division the latter produces two cells, 
one of which divides to form tw^o male nuclei. One of the 
male nuclei enters the archegonium and fertilizes the egg, 
producing the oospore from which the embryo of the sporo- 
phyte grows. The male cell is not ciliated, and its transfer 
to the archegonium is provided for by the pollen tube. Only 
one seed is produced in an embryo sac, though there are 
several archegonia. 

The seed of the pines consists of the embryo and the 
endosperm, both enclosed within a seed coat (testa) derived 
from the integument of the ovule. Each seed has a wing 
derived from the tissue of the scale. The embryo is em- 
bedded in the endosperm, and consists of root tissue, a 
hypocotyl (stalk), and several cotyledons (seed leaves). 
Though the seed is essentially a young sporophyte, it must 
be remembered that its endosperm is derived from the female 
gametophyte. Two years or more elapse between the recep- 
tion of the pollen grain and the maturity of the seed. The 
seed is a resting stage of the sporophyte, and when it germi- 
nates it produces the tree. 

SOME OTHEE CONIPEKS. 

While the pines are representative of the Goniferales, other 
trees of the group differ from them in certain particulars, 
among which are the size and character of the ovulate cones; 
the length of time required for the maturity of the seeds; 
the character, arrangement, and duration of the leaves; and 
the character of the bark. 

The Douglas fir {Pseudotsuga iaxifolia) (Frontispiece) is a 
large coniferous tree of western United States and Canada. 
It is the dominant tree of much of the forest in northwestern 
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United States and southern British Columbia. The bark on 
the twigs and young stems has blisters containing pitch, but 
on the older stems these disappear and on lai’ge trees the 
bark is very thick and has deep longitudinal fissures. The 
wood is somewhat pitchy and is very hard. It is a valuable 
wood, much used for lumber. The heart wood is reddish, but 
the sap wood is lighter in color. Its leaves are borne singly 
and are spirally arranged (Fig. 126). They are usually 
about 1 inch long, and are flattened, the width being about 
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Fig, 126. “Twigs of Douglas fir with young cones (strobiles). Upper, a 
young ovulate strobile erect at the tip of the twig. Lower, an ovulate 
strobile turned down after fertilization. Staminate strobiles near the ovulate 
one. The leaves are evergreen and needle shaped. 


The ovulate cones (Fig. 126 ) are produced near the ends of 
the twigs, usually one on a twig, and when young they are 
erect, and the red color of many of them makes them con- 
spicuous and attractive objects in the spring. After ferti- 
lization takes place the cone turns down and later becomes 
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woody. The mature cone (Pig. 130) is readily distinguished 
from that of many other conifers by the three-pointed bracts 
which are longer than the scales. The seeds mature during 
the same season that the cones are formed, and the cones 
usually fall in autumn. 



Fig, 127.-^A scale and bract of Fig. 128.— Longitudinal section 
Douglas fir. The inner face of the of staminate strobile of Douglas fir 

scale is shown, with the two ovules. with involucral bracts. The stro- 

The bract is the three-pointed bile consists of the central stalk and 

structure, which at this stage is the pollen sacs. (Drawn by E. T. 

much larger than the scale. (Drawn Bodenberg.) i 

by E. T. Bodenberg.) . 

■ ■ 't 

The staminate strobiles (Fig. 126) are small and are borne 
singly in the axils of the leaves of the same twigs on which i; 

the ovulate strobiles are borne. They are numerous and j 

often occur on twigs on which there are no ovulate strobiles. i 

The buds (Pig. 126) are scaly, and the three kinds (stem buds 
ovulate strobile buds, and staminate strobile buds) are much 
alike in general appearance. There are both terminal and 
lateral stem buds, but the terminal ones are much more 
vigorous in their growth and the strong development of the 
terminal bud of the main stem gives the tree its huge straight 
trunk. The strobile buds are always lateral, though the ones 
producing ovulate strobiles are very close to the tip of the twig. 
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The redwood and the big tree of California both belong to 
the genus They are gigantic in size, reaching a 

height of 350 feet or more, and some of them are known to be 
at least four thousand years old. Their origin is ancient. 
Remains show that they existed in the Arctic zone in the 
cretaceous and tertiary periods. Their wood is light in 
weight and reddish-brown in color. It is of excellent quality 
and very durable in all kinds of exposure, lasting for years 
without decay, and is widely used for commercial purposes. 
The bark is remarkably thick, sometimes as much as 18 
inches. Both of these trees are evergreen, the leaves remain- 
ing on the branches three or four years. 



Fig. 129.— Inner surface of scale 
of mature Douglas fir cone, showing 
the two seeds, each with a wing, 
and the three-pointed bract pro- 
jecting above the scale, (Drawn by 
E. T. Bodenberg.) 



Fig. 130. — An old cone of Douglas 
fir that has discharged its seeds. 


The ^^flowers” (staminate and ovulate strobiles) are small 
and inconspicuous, and the two kinds are borne on different 
branches of the same tree. The mature cones are egg- 
shaped and are from 1 to 3| inches long. The scales of the 
cone are thick, woody, and closely crowded, and each scale 
bears from 5 to 7 small seeds. Squirrels cut down and bury 
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many cones, and the seeds germinate under favorable 
conditions and produce good seedlings. 

The big tree (Sequoia gigantea) is a mountain tree oc- 
curring on the west side of the Sierras, generally at eleva- 
tions of 5000 to 8500 feet. It is not very tolerant of shade. 
It is ordinarily 250 to 280 feet tall, with a diameter of 12 to 
17 feet, and ages from eighteen hundred to twenty-five 
hundred years are common. Its trunks are conspicuously but- 
tressed at the base. The redwood (Sequoia sempervirens) 
is confined to humid regions subject to frequent, heavy fogs, 
and occurs in the coastal regions of California, reaching its 
best development (Fig. 125) on protected flats, benches, and 
river deltas and on west slopes and in valleys opening toward 
the sea. It is reproduced abundantly by sprouts from old 
or young stumps. 

The genus Abies comprises the balsam fir and the true firs. 
The former is a slender tree found in northern and north- 
eastern United States, and the latter (white fir, Shasta fir, 
noble fir, and others) are large trees abundant in northwestern 
United States and in British Columbia. The wood is white 
and soft, and the bark is thinner than that of the Douglas 
fir. The young hark has superficial blisters which contain 
pitch. They usually have flattened leaves slightly notched 
at the end, originating spirally but growing out at the sides 
of the horizontal branches, giving the branches a decidedly 
flat appearance. The mature cones are erect and do not 
fall, the seeds being freed by the shedding of the scales. 
The seeds mature during the same year that the cones are 
formed. 

The spruces (Picea) are found in many parts of the United 
States, Canada, and other countries. They are mOvStly large 
trees with whitish wood which is not very pitchy, though 
resin ducts are present. Their cones have thin scales and 
are pendulous, and mature the first year. Their leaves are 
needle-shaped, usually sharp at the tip, square in cross- 
section, and are spirally arranged. 

The hemlocks ( are common in the coniferous forests 
of the United States, Canada, and other countries. The 
leaves, though spiral, appear two-ranked and give the 
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branches a flattish appearance. They are whitish on the 
low^er surface. The cones are small and pendulous on short 
leafy branches. 



Fig. 131. — A twig of the giant cedar {Thuja pUcata) with evergreen, scale- 
like leaves. . 


The genus Thuja includes the white cedar of northern and 
eastern United States, and the red cedar of w^estern United 
States. The wood is durable in all kinds of exposure and is 
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used for shingles. Both are found also in Canada. The 
red cedar (Fig. 131) has flat, scale-like, green leaves closely 
appressed to the branches. Its wood is soft and red. Its 
bark is fibrous and may be pulled from the tree in long pieces. 
Its cones are small and tend to grow erect. 

The junipers {Juniperus) are trees and shrubs, some of 
which have two kinds of leaves, awl-shaped and scale-like. 
Some of the shrubs are prostrate. The ^^fruiF’ is a bluish 
berry whose flesh is formed by the union of the cone scales 
which thus enclose the seeds. 

The tamaracks, or larches (Larix), are forest trees with 
deciduous leaves borne in clusters of more than five on very 
short knob-like branches. 

The yews (Taxm) belong to the family Taxacese, while 
all of the conifers described above belong to the Pinacese. 
They do not have cones, and the ^‘fruit^' consists of a single 
bony seed surrounded by a fleshy ring (morphologically the 
scale) which is red in some species but purple or green in 
others. The ^'flowers’’ are solitary and axillary, not in 
strobiles. The leaves are flat and project from the horizontal 
branches in two rows, though they originate spirally. Their 
wood is red and is very hard. 


THE CYCADS. 

The cycads (Cycadales) are tropical plants, somewhat fern- 
like in appearance, with large, pinnately-branched leaves. 
The stems are all tuberous when young and are subterranean 
in some species, though in a few they grow to a height of 50 
feet or more. The pith of the stem is large, the cortex is 
thick, and the vascular cylinder is thin. Cambium is present 
in the young stems, but there is very little secondary growth, 
and new bundles are sometimes formed in the cortex so that 
new vascular cylinders are formed outside of the original 
one. The vascular bundles are collateral and endarch, like 
those of other gymnosperms. 

The ovulate and staminate cones are borne on different 
plants, and in this way they are different from the pine 
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family. There is usually one strobile at the tip of the stem 
and it is apparently terminal. It is really lateral, however, 
and sometimes there is more than one. The strobiles are 
usually much larger in proportion to the size of the plant 
than they are in the Coniferales, the ovulate ones being 
especially large in some species. There is a pollen tube, 
but it functions in absorption rather than in providing a 
passage for the sperms to the archegonium, for the sperms 
are ciliated and swim in a cavity in the nucellus. In having 
a pollen tube the cycads resemble the other gymnosperms, 
but in having ciliated sperms they resemble the Pterido- 
phytes. One vegetative cell persists in the pollen grain at 
the time that it is shed, and in this also it differs from that 
of the pines. The cycads have exposed seeds, and, therefore, 
are gymnosperms. Cycads are found as fossils, and were 
more abundant in mesozoic times than they are at present. 


THE MAIDENHAIR TREE. 

The Ginkgoales are represented by only one species, the 
maidenhair tree {Ginkgo hiloba). It is a small tree growing 
wild in some parts of China and in cultivation in other parts 
of China and in Japan and the United States. The stem 
has wood, pith, and bark, the w^ood being thick and the pith 
small. It has broad, wedge-shaped, two-lobed, deciduous 
leaves with forked veins. The sperms are multiciliate. The 
seeds are naked, but the outer seed coat is fleshy so that the 
mature seed resembles a plum in size and general appearance. 


THE GNETALES. 

The Gnetales are placed highest in the sequence of the 
groups of Gymnosperms because they bear the most striking 
resemblances to the Angiosperms. There are three genera, 
and each genus differs a good deal from the others in the 
form of the plants. Ephedra has several species in the warm 
dry regions of southwestern United States and in similar 
19 
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places in some other countries. They are shrubby green 
plants with irregularly spreading branches and opposite 
leaves which are mere scales. Tumhoa is found in South 
Africa, and has a short, thick, woody stem and one pair of 
long, parallel-veined leaves whose bases continue to grow 
year after year while the ends die. The several species of 
Gnetum are small tropical trees or woody vines, having 
opposite, netted-veined leaves. 

The Gnetales are somewhat intermediate between the 
Gymnosperms and the Ahgiosperms. Among their gymno- 
sperm characters are strobiles and naked seeds. Among 
their angiosperm characters are opposite leaves, some of 
which are parallel-veined and some netted-veined; the 
absence of archegonia in many of the species; the presence 
of a sort of perianth in the flowers; and the presence of vessels 
in the secondary wood. 


EXTINCT GYMNOSPERMS. 

Three groups of gymnosperms which do not now occur as 
living plants and are known only from their fossil remains 
contribute a good deal to our understanding of the evolution 
of plants. The Cycadofilices flourished in the latter part 
of the Paleozoic era, especially in the Carboniferous period. 
They were fern-like in appearance and somewhat in stem 
structure and other characters, but they had secondary wood 
and they produced seeds. The discovery of these fossil 
plants and the working out of the essential points in their life 
history has done much to bridge the large gap that exists 
between the living Pteridophytes and the living Gymno- 
sperms. The Cordaitales were tall trees flourishing in the 
Paleozoic era with the Cycadofilices, and were perhaps the 
dominant forest trees of the time. They show relationships 
with both the Cycadofilices and the living gymnosperms. 
The Bennettitales flourished during the Mesozoic era and 
their remains are so much like the Cycads that they are 
often called fossil cycads, though they differ from the living 
cycads in certain essential points. 
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CHAPTER XIX. 


THE GENERAL CHARACTER OF THE 
ANGIOSPERMS. 

The angiosperms are plants whose seeds are enclosed 
within a structure called an ovary, and are thus distinguished 
from the gymnosperms, in which the seeds are naked on the 
inner face of a scale. Seeds develop from ovules, and in 
the angiosperms the ovules are enclosed within the ovary, 
while in gymnosperms the ovules are naked on the face 
of the scale. All of the angiosperms have flowers, though 
in some of them, such as the cat-tails and the grasses, the 
flowers are not what we commonly think of as flowers, and 
their parts are recognized only by careful examination. 

The flower has been described in Chapter V, but some 
further details of the stamens and the carpels are necessary 
in order to understand the relationship of the angiosperms 
to the other groups. The stamen is a microsporophyll, the 
anther consists of microsporangia, and the pollen grains 
are microspores. In the development of an anther four 
masses of spores are formed, but these frequently fuse into 
two, so that the mature anther consists of two sporangia 
(pollen sacs). The pollen grain undergoes division before it 
leaves the anther, usually producing a generative cell and a 
tube nucleus, and there are thus two nuclei present in the 
dormant pollen grain. The pollen grain has two coats, the 
outer one being much harder than the inner one. When 
the grain lodges on the stigma the outer coat is burst as 
germination takes place and the pollen tube is produced. 
The generative cell divides, producing two male nuclei which 
pass down the tube and function as gametes in the fertiliza- 
tion which follows. 

In most cases no nutritive cells are produced in angio- 
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sperm pollen grains, and tlie development of tlie pollen grain 
thus differs from that seen in the gymnosperms where 
so-called nutritive cells are produced though they contain 
but little food and soon disappear. The angiosperm male 
gametophyte consists of an antheridium only and is thus 
the simplest gametophyte found. 

The carpel is a megasporophyll, the ovule is a megasporan- 
gium, and the cell that forms the embryo sac is the megaspore. 
There are usually four megaspores formed, only one of which 
develops. 

The ovule (Fig. 53) is borne on a short stalk called the 
funiculus and has a basal portion, the chalaza, which consists 
of meristematic tissue from which the nucellus and the integu- 
ments develop. The nucellus is the main body of the ovule 
and is enclosed within one or two integuments, having an 
opening called the micropyle. The embryo sac is contained 
within the nucellus. The development of the embryo sac 
consists in successive divisions of the megaspore nucleus by 
which 8 nuclei are produced. Three of these, called the 
antipodals, are situated at the end of the embryo sac opposite 
the micropyle; 3, the egg and the 2 synergids (co-workers), 
are in the region near the micropyle; and 2, called the polar 
nuclei, occupy the central position where they unite, forming 
the fusion nucleus. The antipodals do not function in fer- 
tilization. They are sometimes enclosed in delicate walls, 
and it is thought by some that they may possibly represent 
a prothallus. 

The pollen tube, having grown down through the style 
frequently along a canal, reaches the nucellus either through 
the micropyle or by penetrating the integuments and grows 
through the tissue of the nucellus, finally penetrating the 
wall of the embryo sac. One of the male nuclei fuses with 
the egg, forming the zygote from which the embryo grows, 
while the other unites with the fusion nucleus, and from this 
union the endosperm is produced. This constitutes the 
double fertilization which is characteristic of all angiosperms 
and has not been found in any gymnosperm. This double 
fertilization was discovered in 1898. 

The structure of leaves, stems, roots, and seeds has already 
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beeii described (Chapters II, III, and IV) . The details of the 
structure of these organs which are of morphological sig- 
nificance are best brought out in the discussion of the two 
subclasses, the Monocots and the Dicots. 

These two subclasses are separated on the basis of char- 
acters of the flowers, seeds, leaves, and stems. The monocot 
flower usually has the parts of each circle in three’s or six’s, 
never in five’s, while the dicot flower usually has its parts 
in four’s or five’s, though in some cases in one’s or two’s. 
The seeds of monocots have only one cotyledon, and the first 
leaves of the young plant are always alternate, while the 
seeds of dicots have two cotyledons borne opposite each other, 
and the first two leaves of the young plant are opposite in 
many of the common species. 

The leaves of the monocots are usually parallel-veined, 
while those of the dicots are netted-veined. A few monocots, 
however, such as the green brier {S7nilax) and some of the 
Araceae {e. g., skunk cabbage) have netted-veined leaves. 
Some of the dicots, such as the elm trees ( TJlmus)^ have their 
main veins parallel, but have small netted veins between 
these. The stems of the monocots have the vascular bundles 
scattered through the parenchyma and thus have no clear 
differentiation of pith, while the dicots either ‘have their 
bundles combined so as to form bark and wood with pith in 
the center or, if their bundles are separate, they are arranged 
in a circle with the pith in the central part of the stem. 
The bundles of monocots have no cambium, hence are 
incapable of secondary growth even if the stem is perennial, 
while the bundles of the dicots have cambium and are 
capable of secondary growth which in perennial stems results 
in annual rings. Aloe, a few palms, and some other mono- 
cots are exceptions to this, but their secondary growth is of 
a rather special character. 

While the monocots and the dicots are thus distinguished 
by four sets of characters, it is not easy to take any one of 
them as an unfailing means of separating the two subclasses, 
and combinations of the characters must usually be sought. 


CHAPTER XX. 


THE MONOCOTS. 

There are in the world 45 families of monocots, and it 
would be impossible within the scope of this book to describe 
all of them or even all of those (more than 20) found in the 
United States. A general idea of this group can be given, 
however, by discussing in morphological sequence the lowest 
family of the group, 5 intermediate ones, and the highest. 
Families are grouped into orders, and if all of the families 
were to be discussed it would be w-ell to discuss the 11 orders 
(e. g., Graminales, Liliales, and Orchidales, etc.) into which 
they are grouped, but in a brief treatment the main lines of 
relationship may be indicated by describing the 7 families 
indicated without discussing the orders. 

THE CAT-TAIL FAMILY. 

The Typhaceae (cat-tail family) are herbs growing in 
marshes or in shallow water from either perennial rhizomes 
or perennial I'oots. Their leaves are linear and have no 
petioles. The stem is sheathed by the bases of the leaves, 
and its upper portion shows no nodes. 

The flowers are imperfect and have no true perianth. 
The cat-tail flag (Typha) is the common representative of 
this family in the United States and many other north tem- 
perate regions. Its pistillate flowers are borne all around 
the stem, and form a dense cylinder 1 inch or more in diameter 
and 6 inches or more in length, which is brown when the 
fruits are mature, while the staminate flowers form a smaller 
cylinder of about equal length above them, extending prac- 
tically to the tip of the stem. The staminate ones wither 
after their pollen is discharged, but the fruits produced by 
the pistillate ones persist until winter, forming together with 
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the dense growth of long hairs on them the familiar “ cat-tail/^ 
Each pistil is borne on a shoi't hairy stalk, and the ovary is 
one-celled and one-seeded. Pollination is by wind, and the 
pollen is extremely abundant. The monocot character of 
this plant is not so evident from the flowers, but is obvious 
from the scattered bundles of the stem and from the parallel- 
veined leaves. 

THE GRASS FAMILY. 

The Graminese (grass family) are mostly herbs with hollow 
stems closed at the nodes. The family includes the common 
grasses, such as timothy (Phleum) and blue grass, and the 
cereals, such as wheat {Tritimum), oats {Amna)^ and corn 
{Zea), the latter one being an exception to the hollow stems. 
The leaf consists of a sheath which surrounds a portion of 
the stem, and a blade, with a membranaceous appendage 
at the junction of the two, called a ligule. The flowers 
(Fig. 135) are usually perfect, consisting of one pistil and 
commonly three stamens. The floret (flower) is enclosed in 
two bracts, the low^er one called the the lemma and the 
upper one the palet. The ovary has one cell and one ovule, 
and there are commonly 2 styles, the stigma being covered 
with fine hairs. The anthers are fixed to the stamen by their 
middle (versatile) so that the ends swing freely. The grasses 
are wind-pollinated. The fruit, commonly called the seed, 
is a caryopsis (Fig. 135), consisting of a single seed closely 
covered by the seed coat and the ovary wall. The endosperm 
is large and its cells contain numerous starch grains, while 
the embryo is small. The monocot character of the plants 
of this family is evident from the one cotyledon and the 
parallel-veined leaves, and usually also from the scattered 
bundles. 

THE PALM FAMILY. 

The Palmse (palm family) include the date palm (Phmiix), 
the coconut palm (Coco^), and the fan palm (Borasms), 
and are the only monocot family consisting mainly of trees. 
In fact, only one other monocot family (the Liliacese) con- 
tains any trees at all and it has only a few. The base of 
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I each, leaf in the Palmse is a sheath, and the young flower 

' clusters are enclosed in these sheaths. The flowers have a 

I perianth but both circles of it are alike, and there is no true 

I distinction between calyx and corolla. The number of parts 

I in each circle of the flower is usually indefinite, though in 

i some species it is three, and the three carpels are united into 

a single pistil. Some of the species are pollinated by wind 
and some by insects. 

? THE ARUM FAMEiY. 

; The Aracese (arum family) are mostly tropical, but are 

I represented in the United States by the Indian turnip, also 

I called Jack-in-the-pulpit {AriscBma), the skunk cabbages 

I {Symplocarpm and Lysichiton) (Fig. 133), and the sweet flag 

I (Aconis) , which grow wild, and by the calla lily (Richardia) in 

cultivation. The flowers are small and are crowded on a 
fleshy body, called a spadix, which is usually surrounded by 
a large bract called the spathe. Some of the species have 
perfect flowers, others imperfect ones, and the flowers of 
some species have a perianth, while those of others do not. 
When the perianth is present it consists of from 4 to 6 parts, 
none of which are corolla-like. The fruit of most of the 
species is a berry. 

THE LILY FAMILY. 

The Liliacese (lily family) show the monocot characters 
plainly, and are usually considered to be the most represen- 
tative monocots. They are mostly herbs, though a few are 
woody and the gigantic dragon tree { Draccena) fonud in 
^ tropical regions belongs to this family. A famous 

specimen of this tree which was blown down in 1808 was 
} 70 feet high and 45 feet in girth and was supposed to be 

six thousand years old. Among the many common plants 
of the lily family growing wild in the United States are the 
lilies (Lilium), the dog-tooth violets and the 

various species of the genus Trillium, 

All of the members of this family have perfect flowers, 
and all the parts of the flower are borne on the receptacle 
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Fig. 132 . — Basket grass (Xerophyllum tenaa) 
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Fia. 133.— Western skunk cabbage (Lysichiton camtschatcense) 
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(%ypogynous) . All the parts of the flower are in three's or 
six's. The 6 parts of the perianth may be all alike, as in the 
Easter lily (Lilium), shown in Fig. 45, or the outer 3 may 
be green and sepaUike and the inner 3 petaUike, as in 
Trillium (Fig. 1). The parts of the perianth are usually 
separate, but in some cases they are united so completely 
that their number is indicated merely by lobes, as in the lily- 
of-the-valley (Conmllaria) . There are usually 6 stamens 
and they originate in two circles of 3 each. There are 3 
carpels, united into one pistil, but in several of the genera the 
stigma is three-lobed, and in some there are 3 separate 
stigmas. The ovary has 3 placentas (Fig. 51) and usually 
3 cavities (cells), though in some species there is only 1 cell. 
The ovules have two integuments, and this is a common 
monocot character. 

The floral numbers may be represented by writing a 
floral formula in which the union of parts in any circle is 
represented by enclosing the number representing them in 
parenthesis. This parenthesis is used if there is any consid- 
erable amount of union, though it may not be complete, 
and in the case of carpels it may mean that they are united 
into one ovary, though the styles are separate. The floral 
formula for most of the Liliaceae is: sepals, 3; petals, 3; 
stamens, 3 plus 3; carpels, (3). This is a typical pentaeyclic 
flower, since there are 5 circles of organs, the stamens con- 
stituting 2 circles. Pentaeyclic flowers are distinguished 
from tetracyclic ones in which the stamens constitute only 
one circle, as is the case in some of the dicots. 

THE IRIS FAMILY. 

The Iridaceae (iris family) are herbs growing from thick, 
perennial, underground stems and having their leaves borne 
in two ranks enfolding each other lengthwise. The com- 
monest representatives of the family in the United States 
are the various species of the genus /m, most of which are 
known as blue flags, and several species of the genus Sis- 
yrinchium, known by the common name of blue-eyed grass. 
The flowers are usually showy and may be either regular or 
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irregular. The pistil is formed of 3 carpels, indicated by 
the three-celled ovary and the 3 (sometimes 6) stigmas. The 
perianth consists of 6 parts, all petal-like, and is adherent to 
the ovary, being thus epigynous and the ovary inferior. 
There are 6 stamens and the anthers are versatile. In the 
genus Im the style has 3 petal-like branches and the stigma 
is a lip near the apex of each. 



Fia. 134.— The snow orchid {Cephalanthera auBtinm) . (Photograph by 

J. B. FlettO 


THE OECHID family; ^ ^ ^ ^ 

The Orchidacese (orchid family) are perennial herbs char- 
acterized by remarkably irregular flowers. It is a large 
family represented in the flora of the United States by the 
lady-slipper (Cypriped/mm), the rattlesnake plantain (Epi- 
pactys or Pera7?imm), the coral root (Cofailorrhiza), and 
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other wild flowers, and also by many showy species culti- 
vated in greenhouses. Some of the members of this family 
are saprophytes haying only rudimentary roots. The peri- 
anth is adnate to the ovary, and is composed of 6 parts 
(sometimes only 5), all similar in texture, but one of the inner 
circle forms a lip or sac. There is usually only one fertile 
stamen, though in one genus there are two fertile ones and 



^ Fig. 135. Rye. Left, a portion of the stem with leaves and roots. 

a ^cross-section of an internode, showing vascular bundles. Next, a 
head ’ (spike) of rye before blossoming. Upper center, a blossoming 
spikelet, consisting of two fertile blossoms and one (middle) barren blossom. 
Next to the blossoming spikelet is a ripe spikelet with glumes and two ripe 
grains. ^ Upper right, portion of young plant, showing roots with root hairs. 
Lower right, a ripe grain, with half-ripe grain and a cross-section of the grain 
at the left. (From Schmeil Botanical Charts.) 


a rudiment of a third. The pollen sticks together in masses. 
The stamens are borne on the pistil and the ovary is thus 
inferior. The pistil is usually composed of 3 carpels and 
has 3 placentas bearing numerous ovules. The fruit is a 
one-celled capsule, opening by 3 valves. The flowers are 
pollinated by insects, and their striking irregularity is cor- 
related with insect visits. 
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THE SEQUENCE OF FAMILIES. 

The morphological sequence of these families is decided 
mainly on the basis of various floral characters, all of which 
are given due consideration in placing each family. The 
following list includes some of the characters to which most 
weight is given, the first character of each pair being regarded 
as low (simple) and the second as high (complex) : (1) Indefi- 

nite numbers of floral parts; definite numbers of floral parts. 
(2) Imperfect flowers; perfect flowers. (3) Flower parts 
arranged spirally within the flower; flower parts arranged in 
cycles (circles) within the flower. (4) No perianth; perianth 
present. (5) Superior ovary; inferior ovary. (6) Regular 
flowers; irregular flowers. (7) Wind pollination; insect pol- 
lination. 

On the basis of these characters it is evident why the 
Typhacese have been placed lowest in the sequence of families 
of monocots and the Orchidacese highest. The characters 
involved in all of the pairs except (3) are readily observed, 
but whether, the flower is spiral or cyclic is often not so 
obvious. The flower parts in the dicots and the more 
complex monocots are arranged in definite cycles (circles), 
while in the simpler monocots they are arranged spirally. 
This spiral arrangement of sporophylls is seen also in the 
Gymnosperms, and is especially obvious in the ovulate cones 
(strobiles) of the conifers. The spiral arrangement of the. 
parts in the flower thus separates the simpler monocots, 
such as the Typhacese, the Gramineae, the Palmae, and the 
Araceae from the more complex ones, such as the Liliaceae 
and the Orchidaceae, and suggests a relationship of these 
simpler monocots with the Gymnosperms. It must be 
remembered, however, that no one character such as this 
can be taken alone as indicating actual close relationship of 
these simpler monocots with the Gymnosperms. 

Such an arrangement of families as this does not necessarily 
mean that the families placed lowest in the sequence have 
never progressed farther in evolutionary development, for 
they may be reduced, or degenerate, descendants of plants 
that had once reached a higher level, and simple characters 
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are not necessarily primitive characters. The arrangement 
of orders and families for all groups of plants is known as the 
Engler sequence, and in the monocots there is quite general 
agreement that it represents the order of development within 
the group, though some workers disagree with placing the 
monocot group below all of the dicots. 

Suggestions for Further Reading. 

1. Bower, F. 0.: Tke Origin of a Land Flora: A Theory Based on 
the Facts of Alternation, London, 1908. 

2. Coulter, Barnes, and Cowles: A Textbook of Botany, New York, 
1910, Pt. I, vol. 1. 

3. Pool, R. J.; Flowers and Flowering Plants: An Introduction to 
the Nature and Work of Flowers and the Classification of Flowering 
Plants, New York, 1929. 

4. Strasburger, E.: Textbook of Botany 5th ed. (English), London, 
1921. 

5. Swingle, D. B.: A Textbook of Systematic Botany, New York, 
1928. 


CHAPTER XXL 


THE DICOTS. 

On the basis of their flower characters the Dicots fall 
naturally into two groups: (1) the Archichlainydesej which 
either have no corolla at all or have the petals separate 
from one another; and (2) the Sympetalae, which have the 
corolla all in one piece, the individual petals being repre- 
sented by lobes. The latter are sometimes spoken of as hav- 
ing united petals, but this means that the petals have fused 
in the evolution of the group and not that they were neces- 
sarily formed separately in the individual flowers. The 
Archichlaniydeae have two integuments on the ovule, while 
the Sympetalse usually have only one. 

THE AECHICHLAMYDE^. 

The discussion of four families whose plants are common 
in the United States and other north temperate regions will 
suffice to give a general idea of the characters of this group 
and of the lines of advance within it. There are in the world 
198 families of this group and they comprise 26 orders. 

The Willow Family.— The Salicace^ (willow family) com- 
prise two genera, Salix (willows) and Populus (poplars, 
aspens, and cottonwoods). They are trees or shrubs with 
imperfect flowers borne in catkins (aments) (Fig. 136), the 
staminate and pistillate flowers being with rare exception on 
separate plants. There is no true perianth, but each flower 
has a scale-like bract. There is commonly only 1 pistil to 
each scale and it has 2 to 4 placentas and 2 stigmas, which 
are sometimes two-lobed. There are commonly 2 stamens 
to each scale, though the number varies from 3 to 5 or more 
in one group of species, and in a few species there is only 1. 
The fruit is a one-celled pod having 2 to 4 valves. The 
20 
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buds of Populus are protected by several overlapping scales, 
while those of Salix have a single scale covering the whole 
bud.:- 



Fig. 136.— Catkins (aments). Upper left and middle left; pistillate 
catkins of mllow. Bight, staminate catkins of willow. Lower left, stam- 
inate catkins of hazel. 


The Crowfoot Family.— The Ranunculacese (crowfoot fam- 
ily) are mostly herbs and include the buttercups 
lus), colnmbmes (Aquilegia), the larkspurs (Delphinium), 
and the anemones (Anemone). The flowers are perfect and 
have a perianth consisting of both calyx and corolla or of 
calyx only. When the corolla is wanting the calyx is often 
colored like a corolla. The number of sepals is indefinite, 
varying from 3 to 15, and the number of petals varies within 
about the same limits. The stamens are usually numerous 
and unconnected, and the pistils are the same. 

The buttercups (Ranunculus) (Fig. 47) are familiar repre- 
sentatives of the family. They frequently have 5 petals and 
5 sepals, though the number of both varies. The stamens 
and pistils are numerous, and each pistil is composed of a 
single carpel, there being only 1 cell and 1 ovule in the 
ovar>L The fruit is small, dry, one-seeded, and indehiscent, 
and is thus an akene. All of the parts of the flower are 
borne on the receptacle (hypogynous), no circles are united, 
and there is no union of parts within any circle. The floral 
formula is: sepals, 5, but varying; petals, 5, but varying; 
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stamens indefinitely numerous; carpels indefinitely numerous. 
The family Ranunculacese belongs to the order Ranales, and 
this order is usually thought of as having the type of flower 
from which many other dicots may have arisen. 

The Eose Family. —Among the plants included in the 
Rosacese (rose family) are the roses the strawberries 

{Fragaria), and blackberries (Rubus), the cotoneasters 
(Cotoneaster) , the apples and pears Spircea (¥ig. 

137), and the plums and cherries (Prunus). The family 
includes herbs, shrubs, and trees, and all have alternate 
leaves which, except in a very few species, have stipules. 
The flowers are regular and in most species they are perfect. 
The calyx usually consists of 5 sepals, though in some cases 
they vary from 3 to 8, and they are united at the base. 
The petals (rarely wanting) are of the same number as the 
sepals and are borne on the calyx tube. The stamens are 
numerous and are borne with the petals on the calyx tube 
(Fig. 48). The number of pistils varies from one to many, 
and where there are many each is usually composed of a 
single carpel. In some species, however, there is only one 
carpel, and it, of course, forms a single fruit. When the 
pistils are united they are frequently combined with the calyx 
tube. The floral formula is: sepals, 5, but varying; petals, 5, 
but varying; stamens indefinitely numerous; carpels, 1 to 
several, separate or united. 

The Pulse Family.— Among the plants included in the 
Leguminosae (pulse family) are beans (Phaseolus), garden 
peas {Pisum), sweet {Lathyrus), clovers (rnfoimm), 
alfalfa (lfedica^o) ,the vetches (Ficia), the lupines {Lupirms), 
and the broom {Cytisus). They are herbs, shrubs, or trees 
having alternate leaves, usually compound, with stipules; 
The flowers are irregular in nearly all of the species, and the 
irregularity is of a definite type not found in other families. 
There are 5 petals; 1 (the standard) has an erect portion at 
its tip, 2 others are somewhat united, forming the keel, and 
the other 2 are wings at the sides of the flower. This is 
technically known as a papillionaceous corolla, and its appear- 
ance is so striking that plants whose flowers have it can at 
once be recognized as belonging to this family. 
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There are 10 stamens, rarely united by their filaments 
into one group, though in most species 9 of them are so 
united and 1 is separate. The style and the stamens are 
usually bent sharply, near their ends, toward the standard. 



Fig. 137. — A leafy stem of Fig, 138. — Bed clover, showing 

spiraea (^. Douglasii) with a dense head of flowers, and two compound 
panicle of flowers. (Photograph leaves with stipules, 
by Chapman.) 


There is 1 pistil, which usually forms a one-celled pod, 
splitting open by 2 sutures. A flower of this kind is called 
zygomorphic, since it can be divided by only one plane of 
symmetry, as opposed to actinomorphic flowers, such as 
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those of the Ranimculacese, which are radial in structure 
and may thus be divided into similar halves by two or more 
longitudinal planes. The flowers of the Leguminosse are 
insect-pollinated, and their irregularities are correlated with 
insect visits. This character makes them prominent in the 
Archichlamydese in the same way that the Orchidacese are 
prominent in the monocots. 

The inner integument of the ovule is entirely absorbed as 
the seed develops, and the seed has only one coat. 

The Parsley Family.— The Umbelliferee (parsley family) are 
herbs with hollow stems and alternate leaves, usually com- 
pound, with a large sheathing base formed by the expanded 
base of the petiole. They are distinguished also by the 
fact that their flowers are very small and numerous and are 
arranged in conspicuous umbels (Fig. 139) at the top of the 
plant. These features are so plain that most of the species 
may be readily recognized even in the field, as belonging to 
the family. A few species have the flowers in a head, but 
the umbel is the characteristic inflorescence of the family. 
Carrots (Daucus), parsnips (Pastinaca), celery (/ipium), 
and parsley (Petroselinum) are representative cultivated 
plants of this family and sweet cicely (Osmorhiza) (Fig. 139); 
poison hemlock (Conium) and many other common large 
weeds of low grounds are representative wild ones. Most 
of the plants of this family have a characteristic aromatic 
odor, as is illustrated by celery and caraway. Though a 
number of representatives of this family, such as carrots 
and parsnips, furnish human food, a considerable number of 
wild ones are poisonous. 

The calyx is composed of 5 united sepals, the union in 
some species being so complete as to show no lobes. There 
are 5 stamens inserted with the 6 petals on a disk over the 
ovary, and the ovary is thus inferior. The pistil is com- 
posed of 2 carpels, and has 2 styles and a two-celled ovary, 
each cell with 1 ovule. The fruit, when ripe, separates into 
2 one-seeded dry parts, called mericarps, marked by longi- 
tudinal ribs and by oil tubes containing volatile oil which 
gives them the characteristic odor. The seed is enclosed in 
tissues derived mainly from the ovary wall, both of the 
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integuments of the ovule except a few layers of cells from the 
outer one having disappeared in the development of the seed. 



Fig. 139. — Sweet aioely {Osmorhiza), showing compound umbels. 


The Sequence of Families. —Applying the same principles 
that we did in the monocots, it is evident why these families 
are arranged in this sequence. The Salicacese with their 
imperfect flowers, having no true perianth and indefinite 
floral numbers, and the staminate and pistillate flowers 
usually borne on separate plants are obviously low in the 
group, while the Umbelliferse with their perfect flowers, 
united sepals, inferior ovary, and definite floral numbers are 
high. There are in the world 5 families below the Salicacese, 
but they are, in the main, not represented in the United 
States. One family, the Gornacese (dogwood family) is 
higher than the Umbelliferse, and it is represented in the 
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United States by a number of species of dogwood trees, both 
wild and cultivated, and by the bunchberry, a herbaceous 
plant with perennial underground stems. 

THE SYMPETALiE. 

There are 57 families of the Sympetalse, comprised in 11 
orders, but a discussion of 7 families—the lowest, 5 inter- 
mediate, and the highest— will suffice to illustrate the char- 
acters of the group and the lines of advance within it. 

The Heath Family.— The Ericacese (heath family) (Fig. 
140) are mostly shrubs with regular flowers, though the 
family includes some herbs and some plants with irregular 
flowers. Many of the family (e, g,, the heathers, and most 
of the rhodondendrons) are broad-leaf evergreens, some (e, g,, 
the Indian pipe) are herbaceous saprophytes, and some {e. g,, 
pine drops) are herbs parasitic on the roots of woody plants. 
Other plants belonging to the family are the laurels ( Kalmia ) , 
the trailing arbutus (Epigcea), the blueberries and huckle- 
berries (Vaccinium), and the wintergreens {Pyrola and some 
species of Gauliheria). 

The calyx is composed of 5 sepals, separate or united, and 
the corolla of 5 petals also separate or united. The stamens 
are of the same number or twice as many as the petals or 
the corolla lobes. The anthers are two-celled, and in many 
of the species they open by a pore at the end, and some 
have a characteristic appendage. In most of the genera 4 
pollen grains are united, forming compound pollen. There 
is 1 pistil with 1 style, and the ovary contains from 3 to 
10 cells. The ovary is inferior in some of the genera and 
superior in others. 

The Gentian Family.— The Gentianacese (gentian family) 
are herbs with opposite leaves which are sessile and entire 
and have no stipules, and are simple in all of the genera except 
one. The gentians are the most familiar repre- 

sentatives, and several species of centaury {Centaurium) and 
one species of buckbean (ikfm^an^Ae^) are found in many 
parts of the United States. The flowers are regular and the 
petals are united. The floral number varies from 4 to 12, 
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but is quite cominonly 4 or 5, and the stamens are of the 
same number as the corolla lobes and are inserted on the 
corolla tube. There is only 1 pistil and the ovary is one- 
celled and usually has 2 placentas, though the ovules in some 
species are scattered over the inner surface of the ovary. 



Fjg. 140.— a rhododendron (R. calif ornicum). 


The fruit of most of the species is a capsule splitting by 2 
valves and having many seeds. 

The Morning Glory Family.— The Convolvulacese (morning 
glo^ include the morning glories (Ipomcea), the 

bindweeds (CorawiwZws), the sweet potato {Batatas), and 
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the various species of dodder ifluscuta) . Most of the species 
are twining or trailing herbs with alternate leaves, which are 
reduced to scales in some. The flowers are regular and 
usually showy. There are 5 sepals (usually somewhat 
united) and 5 stamens, and the corolla is five-lobed. In 
some species there is 1 pistil with usually 2 cells and 2 
placentas, while in others there are 2 separate pistils. The 
fruit is a few-seeded capsule. 

The Mint Family.— Most of the species of the Menthacese 
(mint family) are herbs and are recognized by their square 
steins, opposite leaves, and irregular flowers with two- 
lipped corolla. The leaves of many of the species are 
aromatic, because of the presence of volatile oil, which occurs 
in numerous small glands. The calyx is composed of 5 
united sepals and the corolla is five-lobed, 2 of the lobes 
being on the upper lip and 3 on the lower one. There are 
mostly 4 (sometimes 2) stamens, and they are borne on the 
tube of the corolla. The ovary is four-celled and deeply 
four-lobed, and separates into 4 one-seeded fruits when 
mature. The style is two-lobed. The family includes the 
mints {Mentha)^ horse mints (Moriarda), skullcaps (Scutel- 
laria) ^ horehound (Marrubium), sage (Safoia), thyme (TA^- 
mw.?), and many other familiar plants. 

The Figwort Family.— The Scrophulariacese (figwort family) 
include, among other plants, the snapdragons (Antirrhimim) , 
the mulleins (Verbasewn), figworts (Scroi^^iwiana), the beard- 
tongues (Pf^nfotmon), the monkey flowers the 

painted cups (Cadilleja)^ the louseworts (P^rfewiaw), and 
the foxglove (Digitalis), They are mostly herbs charac- 
terized by a more or less irregular corolla (often two-lipped), 
4 stamens in 2 pairs of unequal length, and a two-celled ovary 
containing many ovules on 2 placentas in the axis. In having 
the ovules on an axis growing from the base of the ovary, 
they differ from many other families, which have the ovules 
borne on the ovary wall The seeds have a small embryo 
and a large endosperm. 

The Honeysuckle Family.— Among the plants belonging to 
the Caprifoliacese (honeysuckle family) are the hone^^^suckles 
(Lonicera), the snowberries (^SympAoncarpo6*), the twin-flower 
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(Lmtwa), the high-bush cranberry (Viburnuin), and the 
elAers (Sambucus). They ai’e mostly shrubs with opposite 
leaves. The calyx is composed of 4 or 5 united sepals, and 
the corolla is five-lobed. The ovary is inferior and has from 
2 to 5 cells. The stamens are usually of the same number 
as the lobes of the corolla and are inserted on its tube. The 
floral formula is: sepals, (4) or (5); petals, (4) or (5) ; stamens, 
4 or 5; carpels, (2) to (5). 

The Composite Family.— The Compositse (composite family) 
constitute the highest family of the plant kingdom and the 
largest family of seed plants. The ones found in the United 
States are mostly herbs. Among the common plants of this 
family are the sunflowers {Helianthm), asters gol- 

den-rods (Solidago), gum-plant (Grindelia), fleabanes (JSn^- 
eron), cudweeds (Gnaphaliuni) y ragweeds {Ambrosia)) daisies 
{Beilis and other genera), and the dandelion {Taraxacum). 
The inflorescence and fruit of the dandelion are shown in 
Fig. 55 and a single flower in Fig. 56. 

The flowers are in a close head on a common receptacle, 
and the head is surrounded by an involucre of bracts. In 
some {e, y,, dandelion) the flowers are all alike, while in 
others {e, g., sunflowers) they are of two kinds, ray flowers 
and disk flowers; the disk flowers having tubular corollas and 
the ray flowers strap-shaped (ligulate) corollas. In both 
kinds the corolla has 5 lobes or teeth. The calyx, corolla, 
and stamens are all borne on top of the ovary and the ovary 
is, therefore, inferior. The ovary has 1 cell and 1 ovule. 
There are usually 2 recurving stigmas. There are 5 stamens 
and they are united by their anthers (syngenesious), forming 
a ring or tube around the style. The free portion of the 
calyx is commonly modified into a circle of numerous hairs 
called the pappus (Fig. 56), which persist on the fruit 
(Fig. 54) and enable it to be distributed widely by the wind. 
In some cases, however, the free portion of the calyx is repre- 
sented by mere scales and in others it is entirely lacking. 

The fruit is small, dry, and one-seeded. The integuments 
of the ovule disappear entirely in the course of the develop- 
ment of the seed, and the mature seed is enclosed in a struc- 
ture derived from the ovary wall only. The floral formula 
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for the family is: sepals, united at the base, the free portions 
being indefinitely numerous and reduced to a pappus; petals, 
(5); stamens, 5; carpels, (2), so far as indicated by the two 
stigmas, but degenerated into one so far as the ovary is 
concerned. 

The Sequence of Families.— In addition to the principles 
already stated under the discussion of monocots (p. 303) 
on which the sequence of angiosperm families is arranged, 
the following may be mentioned, the first character of each 
pair being regarded as low (simple) and the second as high 
(complex): (1) Flowers loosely arranged; flowers massed. 
(2) Calyx composed of ordinary sepals; calyx modified into 
a pappus. (3) Five circles of organs in a flower (pentacyclic) ; 
four circles of organs (tetracyclic). (4) Carpels forming 
separate pistils (apocarpic); carpels united into one pistil 
(syncarpic). (5) Two seed coats; one seed coat or no true 
seed coats, the seed being enclosed in tissues derived from the 
ovary wall. 

The Compositse have high (complex) characters on the 
basis of all of these principles, while the 6 other families 
considered have some high and some low (simple) ones. 

Suggestions fob Furthee Reading. 

The books listed under Chapter XX. 
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PLANT BREEDING AND GENETICS. 

PLANT BREEDING. 

Plant breeding is extensively carried on both as pure 
science and as a means of producing new varieties of economic 
importance. It is a very old practice, having been used by 
the Chinese in ancient times, and has been used systematic- 
ally in Europe and America for about one hundred and fifty 
years. 

Cross-breeding is carried on by a careful transfer of pollen 
from the anthers of one variety to the stigmas of another 
variety, care being taken to guard against the presence of 
any other pollen than the one being transferred. A plant 
produced by cross-breeding is known as a hybrid, and the 
process of cross-breeding is called hybridization. Though 
crosses are most commonly made between varieties of the 
same species, some success has been attained with crosses 
between species of the same genus, and a few crosses between 
species of different genera have been produced. 

Hybridization of varieties may be illustrated by the sweet 
pea (Lathy TVS odoratns), the varieties of which have been 
systematically cross-bred since about 1880, and corn (Zea 
mays), in which hybridization has been extensively practised 
for a number of years. Crosses between species of the same 
genus have been produced in snapdragons {AMirrhinum) 
and also in tobacco (Nicotiana), and other plants. Crosses 
between species of different genera are less common, but 
successful intergeneric hybrids have been produced in orchids, 
and a hybrid between corn and tepsinte (Euchlcena luxurians) 
has been secured. Teosinte is a perennial grass somewhat 
resembling corn and grows vigorously, producing numerous 
stems from one plant. 
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Hybridization, has shown its best results when carried on 
in connection with careful selection of individual plants 
showing desirable qualities, and vegetative propagation has 
often been used as a means of perpetuating good characters. 
Many species and varieties tend to vary in their character 
(see p. 329), as is illustrated by corn, in which variation is 
so common that constant selection is necessary in order to 
keep a desirable variety. Occasional larger variations, 
known as mutations (see p. 330), occur in some plants, as is 
illustrated by sweet peas, in which varieties with white 
flowers have arisen by mutation from a variety with colored 
flowers. It is well known that budding, grafting, and the 
use of cuttings often perpetuates desirable qualities better 
than reproduction by seeds, and these methods are commonly 
used with plants whose form and structure adapt them to 
such treatment. The number of varieties of plants pro- 
duced and perpetuated by the various experimental methods 
is enormous, and it has been stated that over 5000 varieties 
of cultivated plants have been produced from about 30 
species. 

Hybridization is most readily carried on with plants whose 
stamens and pistils are in separate flowers, and corn has been 
used extensively for such work. The stamens are in the 
tassel at the top of the plant and the pistils (silks) are in the 
ear on the side of the stem some distance from the top. In 
cross-pollenizing this plant an ear is covered with a paper 
bag before the silks appear, and pollen is collected by placing 
a bag over the tassel of a plant of a different variety. Pol- 
lination is then effected by removing the bag from the ear 
and replacing it with the bag containing the pollen. This 
method is sure but is somewhat tedious, and various field 
methods are used for securing cross-pollination on a larger 
scale. 

In perfect flowers whose stamens and pistils mature at 
the same time the anthers must be removed before they 
are mature. Pollen from another variety may then be 
transferred to the stigma of this flower with a smaH cameFs 
hair brush or by other suitable means. In the sweet pea the 
anthers and stigma are close together within the flower, and 
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cross-pollination in the way mentioned is commonly practised. 
Cross-pollination is a very interesting field for experimenta- 
tion, and the details of the various methods used may be 
found in the many books on plant breeding. 

Two qualities, vegetative vigor and a tendency to self- 
sterility, are important in hybrids. It has been known for 
more than one hundred years that some hybrids display 
unusual vegetative vigor, and the work of more recent years 
has greatly extended the list of hybrids in which this occurs. 
A cross between two species of mullein {Verhascum) produces 
stems that are taller than those of either parent, and great 
increase in height over that of the parents is also shown by 
a hybrid between two species of Lobelia, Some hybrids show 
increased vegetative vigor in other ways than mere increase 
in size, such, for instance, as an increase in the number of 
side branches either aerial or underground. 

Increased vegetative vigor is not, however, universal 
among hybrids, and many examples are found which show 
decreased vigor. Within the same genus it is found that 
some interspecies crosses produce increased vigor while others 
produce decreased vigor, as is illustrated by tobacco and also 
by mullein. 

GENETICS. 

Attempts to discover the laws which operate in the pro- 
duction of new qualities in cross-breeding and interest in the 
relation of this to the problems of evolution gave rise to the 
science of genetics, and much progress has been made in this 
science, by the use of both plants and animals. Among the 
most notable of such results is MendeFs law, on the basis of 
which we are able to predict certain qualities of hybrids from 
knowing those of the parents. Gregor Mendel was an 
Austrian monk, and was experimenting with peas in the 
garden of the monastery, only a few years after the time 
when Charles Darwin was accumulating data and formu- 
lating his theory of evolution. His work was published in 
1865, but no attention was paid to it until 1900, when 
attention was called to it about the same time by three 
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different European investigators, and it is now recognized 
as being of fundamental importance. 

Mendel made a careful study of the work of other plant 
breeders, and sought to find the reasons for their successes 
and their failures. He used garden peas, and for his experi- 
ments, covering a period of eight years and involving several 
thousand individual plants, he selected plants that showed 
striking contrasts in certain characters, such as tallness and 
shortness of stems, form of pods, and color of seed coats. 
This is not a complete list of the characters with which he 
experimented, but the three mentioned will illustrate his 
method of work. 

Such characters were found to behave as unit characters, 
and he experimented on them one pair at a time, making 
crosses between: (1) tall plants and dwarf plants; (2) plants 
with inflated pods and those with deep constrictions between 
the seeds; and (3) plants with white seed coats and those 
with darker colors. He found that in each pair one char- 
acter was dominant, tallness, for example, being dominant 
over dwarfness, and the two contrasting characters are 
designated as dominant and recessive. 

He found that in crossing tall and dwarf peas all of the 
first hybrid generation were tall, and that when these were 
inbred three-fourths of the next generation were tall and 
one-fourth d^wf. These dwarf plants continued, genera- 
tion after generation, to produce dwarf plants. One-third 
of the tall ones produced tall plants which continued to 
produce tall plants generation after generation. The re- 
maining half of these second generation hybrids produced 
tall and dwarf plants in the proportion of 3 to 1, the dwarf 
plants producing dwarf plants in future generations, and 
one-third of the tall plants producing tall plants in future 
generations while the remaining half of the generation 
produced tall and short plants in the same proportion and 
showing the same progeny-producing qualities as the pre- 
ceding generation. 

It is thus seen that three kinds of plants are produced 
in the second hybrid generation by this cross: (a) those with 
the dominant character, breeding true; (6) those with the 
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recessive character, breeding true; and (c) those which them- 
selves showed the dominant character, but also possessed the 
recessive character, and that the numbers of these are in the 
proportion la to 2c to lb, ■ If we represent tallness by a long 
line and dwarfness by a short one, and use D to indicate 
the dominant character and R the recessive one, putting the 
R in parenthesis where it is possessed by an individual which 
itself shows only the dominant character, and indicate cross- 
breeding by the multiplication sign, we may illustrate 
MendeFs law by a diagram (Fig. 141). 

First hybrid Second hybrid 

Parents. generation. generation. 



Fig. 141.— Diagram to illustrate Mendel’s law. Explanation in text. 


So far we have discussed crosses between plants showing 
only one contrasting character, and the cases become less 
simple when we consider crosses between plants showing 
contrasts in two or more of the unit characters. Mendel 
used, in all, seven different pairs of contrasting characters, 
and found that in all of these one character of each pair was 
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dominant over the other and that there were no intermediates. 
He further found that each character behaved as a unit and 
was not iiifliieiiced by the other characters. When he crossed 
tail, yellow-seeded plants with dwarf green-seeded ones, 
tallness and yellow-seededness were dominant over dwarfness 
and green-seededness. Further details of his work may be 
found in the books listed at the close of this chapter. 

Many workers have experimented with hybridization of 
peas from 1900 down to the present time, and their results 
have confirmed those of Mendel. Such work is an excellent 
illustration of the inductive method in scientific work, since 
the generalization, or law, is arrived at by the accumulation 
of large numbers of cases all of which agree, and finding that 
none disagree. For instance, in seed color of peas over 
180,000 cases have been recorded, and in all of them yellow 
was dominant over green and the average of these varies 
from the expected ratio of 75 to 25 per cent by less than 
1 per cent. 

Not all plants, however, show this dominance in the first 
generation hybrids. Many hybrids are blends showing char- 
acters intermediate between those of the parents, and these 
seem at first thought to be very different from the pea hybrids 
discussed above. In crossing two varieties of four-o’clock 
{Mirabilis jakqja) it has been found that flower color is a 
blend between that of the parents, rose-pink flowers being 
produced by a cross between red and white. Although the 
first generation appeared different from the Mendelian case 
in not showing dominance of the character of one parent, it 
was found that by inbreeding the rose-pink plants the Men- 
delian ratio, 1 to 2 to 1, was obtained in the next generation. 

Mendelism has been accepted as the working hypothesis 
of genetics, and will undoubtedly continue so unless experi- 
mental evidence is found to overthrow it. Though it has 
not yet been shown that all inheritance in plants and animals 
is Mendelian, no other satisfactory explanation has been 
found. 

Naturally an explanation of how characters are transmitted 
according to Mendel’s law was sought, and a fairly satisfac- 
tory explanation was found in the behavior of the chromo- 
21 
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somes (see pp. 26 and 27). Since in the division of vege- 
tative cells resulting in the production of more vegetative 
cells each chromosome divides into two equal parts, and 
one half goes into each of the new cells, they furnish a visible 
mechanism by which characters may be transmitted from 
one vegetative cell to another, and this view is strengthened 
by the fact that no other visible bodies contribute equally 
to the two new cells. 

The behavior of the chromosomes in sexual reproduction 
is different from that seen in the formation of vegetative 
cells. When gametes unite the number of chromosomes is 
doubled. In fertilization the number of chromosomes in the 
oospore is twice as many as in the egg or the sperm; if there 
are 3 in the egg and 3 in the sperm there will be 6 in the 
oospore. The number is reduced at some other point in the 
life history. In plants showing an alternation of generations 
this correlates with the presence of the x (haploid) number 
of chromosomes in the gametophyte and the 2x (diploid) 
number in the sporophyte. 

The nuclear unions which result in the doubling of the 
chromosomes and the nuclear divisions in which the number 
is reduced are important points in the study of genetics. 
In the reduction division the chromosomes unite in pairs 
and then separate, one of each pair going to each of the two 
new nuclei, but there is considerable difference of opinion in 
regard to the details involved. An excellent discussion of 
these details and their possible interpretations is presented 
in Sheivip’s Introduction to Cytology, 

Each chromosome seems to be made up of definite particles, 
called genes, and it is believed that the factors in inheritance 
are carried by these genes, and that inheritance is a matter 
of the physical and chemical properties of these minute 
particles of living matter^ Satisfactory diagrams can be 
made which are consistent with the facts observed in Men- 
delian inheritance. 

The chromosome theory is commonly accepted, though 
there is some hesitation, particularly among biochemists, 
about regarding it as a full explanation. It is thought pos- 
sible that substances not in the chromosomes or even not 
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in the nucleus may have their influence in heredity, but there 
is not sulScient information available at present to furnish 
a satisfactory basis for any explanation other than the 
chromosome theory. It seems best to use this theory, but 
at the same time to preserve an open mind as to the possi- 
bility of other factors operating also, and likewise to look 
forward hopefully to further knowledge of the chemical 
nature and the physical organization of chromosomes which 
may throw light on the transmission of characters from one 
cell to another. 

Suggestions foe Fuethek Reading. 

1. Coulter, M. C.: Outlines of Genetics: With Special Reference 
to Plant Material, Chicago, 1923. 

2. Castle, W. E.: Genetics and Eugenics, Cambridge, 1920. 

3. Babcock, E. B., and Clausen, R. E.: Genetics in Relation to 
Agriculture, New York, 1918. 

4. Sinnott, E. W., and Dunn, L. C.: Principles of Genetics, New 
York, 1925. 

5. Sharp, L. W.: An Introduction to Cytology, New York, 1921. 

6. Walter, H. E. : Genetics: An Introduction to the Study of Hered- 
ity, New York, 1922. 

7. Weatherwax, P.: The Story of the Maize Plant, Chicago, 1923. 


CHAPTER XXIIL 


THE EVOLUTIONARY POINT OP VIEW. 

That all plants showing any complexities of structure have 
originated by modifications of simpler forms is generally 
believed by people who are familiar with the structure and 
the methods of reproduction of plants. This assumes a 
living cell to start with and there has been much speculation 
as to how life originated. Many believe that living matter 
evolved from non-living matter which was in the colloidal 
state (see p. 24), and that the transition from non-living to 
living matter was a gradual one. The probability of the 
existence of non-cellular forms of life (see p. 212) lends some 
support to this theory, but we possess no definite proof as to 
the way in which living matter originated. 

The doctrine of the evolution of plants is an inference 
based on a very large number and variety of facts determined 
partly by observation and partly by experiment, and these 
furnish such satisfactory evidence for the doctrine that 
practically all botanists believe in it. The evidence for 
evolution among animals is even more striking than that 
among plants but we shall here discuss only the plant evidence. 

Among the general lines of evidence on which the doctrine 
of evolution is based are the following: (1) The obvious 
similarities in certain features of all complex plants to simpler 
ones. (2) The tendency of all species to vary in form and 
structure. (3) The modification of species and varieties by 
cross-breeding. These will be discussed in the order listed. 

1. EELATIONS BETWEEN COMPLEX PLANTS AND 
SIMPLER ONES. 

All plants can be arranged in a fairly continuous series of 
increasing complexity of form and structure as to both 
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vegetative and reproductive organs. The contrast between 
a one-celled blue-green alga with its very simple organization 
even within the cell and a species of the composite family of 
seed plants with its highly specialized vegetative and repro- 
ductive organs is a striking one, but when we view this 
contrast in the light of all of the groups that come between 
them, each showing just a little more complexity than the 
ones immediately below it, the idea that such complex forms 
may, through a very long period of time, have developed from 
such simple ones seems probable. It does not seem probable, 
however, that the least specialized members of any group 
have originated from the most highly specialized members 
of the group immediately below it, but rather that both have 
a common origin in less specialized and more plastic forms 
below them. 

The Relation of the Four Divisions. —The four divisions are 
fairly distinct and are separated on technical characters for 
convenience, but the break between any two divisions is not 
great when all of the characters of the highest (most complex) 
plants of any one division and all of the characters of the 
lowest (simplest) plants of the next one above it are con- 
sidered. We may separate the Bryophytes from the 
Thallophytes on the basis of one character (the multicellular 
egg-producing structure, p. 244) but on the basis of other 
characters the separation would not be sharp, and we have 
one family (the Characese, p. 190) which shows such transi- 
tional characters between the two that it is difficult to place 
it satisfactorily in a scheme of classification. 

When we attempt to separate the two groups of Bryophytes 
(liverworts and mosses) from each other we find no one 
character (see p. 254) which will serve, but are forced to use 
a combination of three characters, all of which are sometimes 
found in both groups but serve as a basis of separation when 
all three occur together. 

We separate the Pteridophytes from the Bryophytes by the 
fact that the sporophyte of the former possesses vascular 
tisvsue and becomes independent of the gametophyte after a 
very brief period of connection, but when we consider all of 
the characters of the most complex sporophytes in the 
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Bryophytes and compare them with the simplest sporophytes 
of the Pteridophytes we find some transitional characters. 
The sporophytes of many of the mosses (p. 249) and of some 
of the liverworts (p. 246) possess chlorophyll and are thus 
able to manufacture their own carbohydrate food. Since 
the sporophyte is thus at maturity dependent on the gameto- 
phyte merely for water and mechanical support there is a 
clear tendency toward its independence. There are also 
certain structural tendencies about these sporophytes of the 
higher Bryophytes which point toward those of tW Pterido- 
phytes, since they have stomates and have elongated, though 
not otherwise specialized, cells in the central portion of the 
stalk which facilitate the transfer of water. 

For many years the break between the Spermatophy tes and 
the Pteridophytes seemed to be very sharp, but the discovery 
of fossil plants (p. 290) that produced seeds but showed 
decidedly Pteridophyte characters in their vegetative organs 
has rather completely bridged this gap. 

The Sequence of Families.— When we consider the plant 
kingdom from the standpoint of its orders and families the 
evidence for the gradual transition from the lowest to the 
highest is even more convincing than when we consider the 
four divisions. The Engler sequence of families includes all 
of the families of plants from the lowest Thallophytes to the 
highest Spermatophytes and is in general a satisfactory one. 
It is commonly used by botanists though there are some differ- 
ences of opinion as to the placing of certain groups. 

One instance of the tendency to modify the arrangement 
of families as stated by Engler in the 1904 edition of his 
work, Syllabus der Pflanzenfamilien (Syllabus of Plant 
Families), is the placing of the group of families constituting 
the common ferns (Filicales). Engler placed these families 
low among the Pteridophytes, but they are now commonly 
placed highest. There is general dissatisfaction also with 
placing the Monocots below all of the Dicots, though they 
are still commonly placed in this position because no entirely 
satisfactory position has been found for them. 

The sequence of plant families is based on certain specific 
characters of form and structure which point to the develop- 
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inent of the more complex plants from the simpler ones. 
It would be impossible to discuss within the limits of an 
elementary textbook all of these lines of development, but 
they may be illustrated by a brief statement of the more 
outstanding facts under the two heads: {a) the plant body; 
(b) the flower. 

(a) The Plant jBody.—Since the plant body in the seed 
plants and the ferns is the sporophyte, the evolution of the 
plant body must be traced within this generation. The 
evolution of the gametophyte is interesting but it must be 
regarded as a line of development that leads nowhere so far 
as the plant body of the higher plants is concerned, since it 
reaches its highest development in the Bryophytes (see pp. 
247 and 255) and gradually declines in size from there to 
the microscopic gametophytes of the seed plants (see pp. 281 
and 293). 

The lines of evolution in the sporophyte may be illustrated 
by a consideration of the characters of the sporophytes of: 
(1) four liverworts {Riccia, Marchaniia, Porella, and Aniho- 
ceros);' (2) the common mosses (Bryales); (3) a club moss 
(Lycopodium); (4) a family of common ferns (Polypodiacece); 
(5) a family of Gymnosperms (Pinacece), and (6) the Angio- 
sperms. 

These have all been described and the lines of relationship 
may be traced here without repeating the descriptions. The 
series begins with a sporophyte consisting of a mere case of 
spores (Riccia, p. 244). The first stage of evolution is 
illustrated by the sporophyte of Marchaniia (p. 244) which 
is differentiated into a foot, a stalk, and a capsule opening 
irregularly and containing elaters with the spores, and 
further progress is shown by that of Porella (p. 245) in which 
the capsule splits regularly by four valves in the discharge of 
its spores. 

Important steps in advance are shown by the sporophyte 
of AntkoceTos i’pD* 246 and 247) which has a large amount of 
vegetative tissue as compared with the amount of spore- 
producing tissue, has stomates in its surface, and possesses 
chlorophyll. The sporophyte of the common mosses (p. 249) 
shows a slightly higher degree of complexity and a still greater 
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proportion of vegetative tissue as compared with spore- 
prodiicmg tissue. 

The sporophytes of Lycopodium (p. 269) produce their 
spores in sporangia on the surface of green leaves and in some 
of the species these are grouped in a cone-like structure at the 
top of the plant. This is a distinct advance over the condi- 
tion in the others described, in which the spore-producing cells 
are situated within the vegetative tissue. 

The sporophyte of Selaginella {p, 270) has two kinds of 
spores, one kind producing the male gametophytes and the 
other the female, both kinds of spores being produced in a 
specialized cone-like structure at the tip of a stem or branch. 
This production of two kinds of spores suggests a close rela- 
tion of this sporophyte to that of the. spermatophytes, but 
when its vegetative structure is compared with that of the 
Polypodiaceae (p. 256) the latter are placed higher though 
they have only one kind of asexual spores. 

The sporophyte of the Pinaceae (p. 276) shows distinct 
advances over that of the common ferns in stem structure and 
other vegetative characters, and also over that of Selaginella 
in having the asexual spores produced in more specialized 
sporangia on more specialized sporophylls. The sporophyte 
of the angiosperms (pp. 292 and 294) shows the most ad- 
vanced stem structure (p. 268) found in the plant kingdom 
and also the most complex organs (pp. 280 and 281) for the 
production of the two kinds of spores (p. 281) which give rise 
to the male and female gametophytes. 

These are merely a few illustrations of the evolution of the 
sporophyte and do not by any means indicate all the steps 
in its progressive development. A fairly full understanding 
of the steps may be had by reviewing the pages referred to in 
this text, and a still fuller understanding by reading some of 
the books on morphology listed at the end of Chapter XX. 

(b) The Flower ,— flower (see pp, 103 and 106). is 
regarded as a modified branch and its parts as modified 
leaves. The stamens and carpels are modified so that they 
produce spores, and their relation to the sporophylls of seed- 
less plants such as those of Selaginella is significant. The 
relation of cyclic flowers (p. 303) such as those of the Liliacese 
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and the Ericacea; to spiral flowers (p. 303) such as those of 
the Gramineae and the Palmse, and the relation of the ovulate 
cones of the conifers (p. 283) to the flowers of the Monocots 
and the Dicots is also suggestive of evolutionary development. 
It is difficult to frame a satisfactory definition of the term 
^ffiower/' Since the essential organs of a flower are the sporo- 
phylls (stamens and carpels) we might define the term as a 
group of sporophylls and thus include the strobilus of 8ela- 
ginella. If we define it as a structure having either stamens 
or pistils (see p. 105) or both we include merely the Angio- 
sperms, while if we define it as a structure having sporophylls 
enclosed in a perianth we exclude some of this group. The 
difficulty encountered in defining the term indicates the 
lack of any sharp line of division between what we ordinarily 
think of as a flower and the groups of sporophylls found in the 
conifers and in some of the Pteridophytes. The lines of 
development involved can be traced by consulting the pages 
cited above, and some of the principles of the Engler sequence 
which are based on the flower and the inflorescence can be 
found on pp. 303 and 315. 


2. VAEIATIONS. 

It is a matter of common observation that no two individual 
plants even of the same species are exactly alike, and the 
differences are often conspicuous. Differences in the size of 
the plants; in number, size, and form of the leaves; in the 
color of the flowers; and in the size of the fruit are among the 
variations that are frequently seen. The common shepherd's 
purse shows great differences in the height and relative 
thickness of its stems, and these can frequently be correlated 
with differences in environmental conditions, mainly of soil, 
moisture, and light. The rockweeds along the seashore 
often show variations in the length and width of the thallus 
which form a complete series from one species to another, and 
it is thus difficult to decide what is the actual boundary of 
either species. No correlation with environmental factors is 
evident in this case. 
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Labrad^^^ {Ledum gmnhndicum) shows great variation 
in the size of its leaves and the amount of hair on them. On 
plants growing in Sphagnum bogs the leaves are relatively 
small and have a dense covering of hair on the lower surface, 
while on plants growing in marshes and other wet places 
outside of Sphagnum bogs the leaves are larger and have 
much less hair. These differences are so great that the leaves 
of the swamp form often approximate those of another species 
(L. columhianum) . Sassafras (S. variifolium) and the western 
wild crab-apple diursiloba) show great variation in 

the form of the leaves even on the same plant, some of the 
leaves being entire and others lobed. The pale laurel 
{Kalmia polifolia), also called swamp laurel, shows variations 
in the color of its flowers from pale pink to rose-purple. The 
size and color of apples on the same tree are often very differ- 
ent and the development of a red color is commonly asso- 
ciated with more direct exposure to light. 

These differences are relatively slight but larger variations 
sometimes occur suddenly and where these are inherited a 
new species or variety originates by mutation (see p. 317). 
A notable case of this is the sudden appearance of individuals 
of Lamarck's evening primrose ((Enothera lamarckiana) 
which differed so much from the parent plants and when 
inbred retained these distinctive characters so well that they 
are recognized as new species. Many other mutants have 
occurred among plants. The Shirley poppy arose from the 
field poppy by mutation and a new form of tobacco differing 
from the parent plant in the number of leaves has arisen in the 
same way. It is supposed that Brussels sprouts originated 
in this way from wild cabbage and that the weeping form of 
the European beech came from the common form by this 
same sudden change. 

Much attention has been given to the causes of variations 
but the cause of the variations giving rise to mutants has not 
been found. Many slight variations are due to environment, 
and many variations have also been found in which the 
differences can be accounted for by new combinations of 
genetic factors. 
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3. HYBRIDIZATION. 

The production of new varieties of cultivated plants by 
cross-breeding is common (p. 316), and it is believed that 
many hybrids occur in Nature among wild plants. The fact 
that species are not fixed but may be greatly modified by 
selection and cross-breeding constitutes an important part of 
the evidence on which the inference that complex plants 
have originated from simpler ones is based. Work on plant 
evolution in recent years has been largely experimental, and 
much attention has been given to the production of hybrids 
and the study of their characters with a view to getting a 
better understanding of the possible mechanisms of heredity. 

THEORIES OF EVOLUTION. 

Theories as to how the evolution of plants has taken place 
should be carefully distinguished from the/ac^^ on which the 
general belief in the evolution of plants is based. Undoubt- 
edly many factors have operated in the origin of complex 
plants from simpler ones. Among those believed in by 
various workers are: (1) the inherent tendency to variation; 
(2) the influence of environment; (3) the survival of the 
fittest in the struggle for existence; (4) the inheritance of 
acquired characters; (5) the disappearance of organs that 
are not used and the progressive development of those that 
are used; (6) the effects of isolation; (7) the continuity of the 
germ plasm and the possibility that the vegetative body is a 
mere product of this; (8) the possibility that there is within 
plants an inherent tendency or “urge^^ toward the produc- 
tion of more complex forms; (9) natural hybridization, and 
(10) the sudden appearance of new species and varieties by 
mutation. 

Interpretations of the ways in which these different factors 
or combinations of them have operated constitute the various 
theories of evolution, and probably no one of them can be 
regarded as explanation of evolution. The facts which 
constitute the basis of the belief in evolution can be correlated 
to a greater or less extent with the various theories, and the 
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strength and weakness of these theories can be best under- 
stood when both plants and animals are considered. It would 
be impossible to present all of these theories adequately in 
a brief textbook on botany, and the student is referred to 
the treatments of them presented in books such as those 
listed at the close of this chapter. 
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CHAPTER XXIV. 

BOTANICAL NAMES. 

Common names of plants are very useful, and such names 
as rose, dandelion, fern, wheat, maple, and sage-brush are 
widely known and suggest with reasonable accuracy certain 
plants or groups of plants. Such names, however, though 
they are very useful in popular discussions and could not be 
dispensed with, do not meet all needs. It is desirable in 
addition to these common, or popular, names to have names 
that are more exact and are more generally understood by all 
persons, no matter what language they speak or write, who 
are trained in the science of botany or in any of the sciences 
or professions in which botany plays a part. 

Among the reasons why common names do not meet the 
needs of such professionally trained persons are: (1) that 
the same name is often applied to more than one plant, and 
(2) that the same fdant is often known by more than one 
name. Examples of the first are the name ^%andbur^’ 
which in some places is applied to a troublesome weed 
belonging to the grass family, and in other places to a seaside 
plant belonging to the composite family and also to an inland 
species closely related to the latter; and the name ^Vinter- 
green'' which is applied to several widely distributed species 
of perennial herbs belonging to the heath family, and also to 
a small evergreen shrub of the same family. Examples of 
the second are the redbud, which is also known as the Judas 
tree, and the Douglas fir, which is also known as red fir, 
Douglas spruce and Oregon pine. 

The following may be mentioned as examples of the sciences 
and professions in which exact and internationally understood 
names for plants are necessary: forestry, agriculture, phar- 
macy, bacteriology, and biological chemistry. 
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Plants are named scientifically according to a system based 
on the Latin language and known as the binomial system, 
since each name is composed of two parts— the name of the 
genus and the name of the species. This system was put into 
use by Linnseus, the great Swedish botanist, in labeling the 
plants in his herbarium, and was published in his Species 
Plantarum (The Species of Plants) in 1753. The names of 
the genera had been used before this time, the custom being 
to distinguish the various kinds of plants by writing one or 
more descriptive words in Latin after the name of the genus. 
The number of words used in this system to distinguish what 
we now call a species varied from two to as many as six. In 
an old herbal published in England before the Linnaean 
system of naming plants had come into general use the marsh 
marigold is designated by the binomial Caltha falmtns, 
while the large-flowered larkspur with the much divided 
leaves is called Aquilegia magno flore foKis majus dimis, 
A few years later the author of this herbal wrote a flora of 
England in which he used the binomial system of Linnseus. 

In the binomial system the name of the genus is widtten 
first and is always capitalized. The name of the species is 
usually not capitalized. Some botanists prefer not to 
capitalize any specific names at all, but according to the 
rules generally followed there are three classes of specific 
names that are capitalized: (1) those that are derived from 
the names of persons ; (2) those that were formerly the names 
of genera, and (3) a few that were capitalized by Linnaeus, 
though the reason for the capitalization is not always known. 

Examples of botanical names in which the species are not 
capitalized are Solarium tuberosum (potato), Taraxacum 
officinale (common dandelion), and Acer (sugar 

maple). Examples in which the species name is capitalized 
because it comes from the name of a person are OpumMa 
Rafinesquii (a cactus named for Eafinesque), and Hordetm 
Pammeli (a grass named for Pammel). Eafinesque was one 
of the earliest botanists in America and Pammel is an 
American botanist of our own time. Etomples of specific 
names capitalized because they were formerly generic names 
are Brassica Rapa (turnip) and Dicentra Cucullaria (dutch- 
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man’s breeches) . Examples of the capitalization of Linn^ean 
species are Rumex Britannica (great water dock) and DeZ- 
phinmm Ajacis (a larkspur). 

In some cases a variety is distinguished from the typical 
species and in these cases the botanical name consists of 
three parts. In some books in which botanical names are 
used, the abbreviation ^'Var.” is used before the variety 
name, examples being Juniperns communis Var. montana 
(a juniper), and Aster patens Var. gracilis (an aster). In 
other works the three names are written together, as Mentha 
canadensis borealis (a mint), and Castilleja angustifolia 
hispida (an Indian paint brush). 

The person who first publishes a name for any species 
is known as the author of that name, and his name, usually 
in abbreviated form, is placed after the botanical name. 
Linnaeus named many species and the initial L or the form 
Linn is common after botanical names, as is illustrated by 
Quercus rubra L. (red oak), and Saccharum officinarum 
Linn, (sugar cane). The botanical names now in use are 
the work of several hundred different authors. Among the 
familiar abbreviations following botanical names are: DC 
(De Candolle) a French botanist, Hook (Hooker) an English 
botanist, and T. and G. (Torrey and Gray), B. S. P. (Britton, 
Sterns, and Poggenberg), Coult (Coulter), Rydb. (Ryd- 
berg) American botanists. While the name of the author 
is usually used for exactness, botanical names are sometimes 
printed in general discussions without the name of the 
author. 

Names of genera have originated in several different ways. 
Some generic names are the classical names of the plants, 
some are derived from words indicating properties or charac- 
teristics of the plants, some from the names of persons, 
some from words indicating the kinds of places in which the 
plants grow, and others from words indicating medicinal 
properties of the plants. The word Rosa which is the name 
of the genus including the numerous species of roses is the 
Latin word for rose. The word Osmorhiza, which is the name 
of the genus including the several species of sweet cicely, 
comes from two Greek words meaning ^^a scent” and 
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root'’ and alludes to the fact that the root has an odor/ while 
the genus which includes the strawberries, is 

named from the fragrance of the fruit, and the genus i?lodo- 
dendron, which includes the rhododendrons, is from the 
Greek for ‘Vose-tree” in allusion to the fact that several 
of the species are somewhat tree-like in size and form and 
many of them have clusters of large showy flowers. The 
genus IMclcsonia, which includes some of the ferns, is named 
from Dickson, an English botanist, and the genus /fam- 
manella, which includes a species of heather growing at high 
altitudes, is named from E. H. Harriman, an American 
financier. As an illustration of a genus named for the kind 
of place in which the plants grow the genus Ranmiculus^ 
named from a word meaning ^'a little frog” in allusion to the 
fact that several of the species grow where frogs abound, 
may be mentioned. Examples of genera named from medic- 
inal properties are AUhwa, named from a word meaning 
^^to heal” in allusion to the healing properties of the flowers 
and leaves; Malm, named from a word meaning ‘^soft” in 
allusion to the softening and soothing properties of parts 
of the plant when applied to the irritated skin; and Bella- 
donna, named from two words meaning “beautiful” and 
“lady” in allusion to the fact that when a preparation of 
belladonna is put into the eyes the pupils are dilated. 

Species names have likewise originated in a number of 
different ways. Those given in honor of persons are illus- 
trated by Polygonum Douglasii (Douglas’ knotweed), 
named for David Douglas, a Scotch botanist, and Delphinium 
Treleasei (Trelease’s larkspur), named for William Trelease, 
an American botanist. Examples of specific names deidved 
from the names of places are mrginiea and Rhodo- 

dendron caK/omicwm. Specific names given in allusion to 
the kinds of places in which the plants grow are illustrated 
by Polygonum (a seashore knotweed) and Ribes 

lacustre (a swamp gooseberry), and the giving of specific 
names in allusion to the eharaeteristics of the plant is illus- 
trated by such botanical names as Ranunculus parviflorus 
(the small-flowered buttercup) and Fatsia horrida (the 
devil’s club). Some specific names indicate the season at 
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which, the plant blossoms. In the name Crocus verna 
the species is named from the fact that the blossoms are 
conspicuous in early spring. In the name Fumaria officinalis 
(common fumitory) the specific name indicates that the 
plant has been included in the lists of official drugs. 

Suggestions poe Furthee Reading. 
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New York, 1925. 

2. Pool, R. J.: Flowers and Flowering Plants: An Introduction to 
the Nature and Work of Flowers and the Classification of Flowering 
Plants, New York, 1929. 

3. Swingle, D. B.: A Textbook of Systematic Botany, New York, 
1928. 
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PLANTS m RELATION TO THEIR 
ENVIRONMENT. 


CHAPTER XXV. 

THE CHARACTER OF ECOLOGICAL WORK. 

Ecology is the study of organisms in relation to their 
environment. Most of its problems involve a consideration 
of both plants and animals, but the subject may be ap- 
proached from either point of view. In this book we are 
concerned mainly with ecology from the botanical viewpoint. 
The environment with which plant ecology deals is mainly 
the natural one, but in many cases it has been more or less 
modified by man's activities, and the plant ecologist often 
deals especially with cultivated plants in relation to the 
environmental factors. Such expressions as forest ecology, 
crop ecology, and the ecology of the wheat field are in 
common use. 

Plant ecology is commonly thought to have begun with 
the publication of a book by Warming in Denmark in 1895. 
This book has been translated into English and other lang- 
uages and has been the starting point for much ecological 
work. Important ecological work had, however, been done 
before Warming’s time, though it was not under the name of 
ecology. Foresters and others had done much work on 
plants in relation to their environment, and Warming’s 
contribution was to organize the field and lay the founda- 
tions for a science. The earliest work on plants in relation 
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to their environment of which we have record was done 
by Theophrastus in the third century b.c. He gave con- 
siderable attention to plants growing in various habitats 
such as marshes, woodlands, and lakes and recorded a good 
deal about the general characters of plants found in these 
different habitats. Though the history of ecology as a 
science begins with Warming’s book, many of the elementary 
ideas were in botanical literature before his time. 



Fig. 142. “Anemone flowers on Mt. Rainier. 


The study of plant ecology may begin with the considera- 
tion of either the individual plant or plants as members of 
plant communities. The study of the individual plant is 
not, however, marked off from the study of plants as asso- 
ciated together in communities by a distinct line; the two 
tend to merge and neither of them can be fully considered 
without giving some attention to the other. 
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Eeologieal work was at first mostly observational. The 
plant was examined in the field and only a general estimate 
was made of the quantitative factors in the environment. 
From this we have come to a careful study of the factors 
making up the environment, and have made much progress in 
exact measurements of these factors. For example, we now 
do not commonly speak of a place as being merely light or 
dark, but we measure the light intensity. 

We have come also to a careful consideration of the inter- 
dependence of factors and of thinking of the possibility that 
any one factor may be also modified by another factor or 
factors. We also recognize that in most cases some one 
factor is the limiting one, and that so long as it limits the 
growth of plants any increase in the others cannot be effective. 

Field work has also been made more definite by careful 
listing and mapping. Two methods of mapping vegetation 
are in common use —the quadrat method and the transect 
method. The former consists in laying out squares of 
suitable size and marking the corners with stakes. Quadrats 
from less than 10 feet up to 100 feet on each side are com- 
monly used. The species growing in a quadrat are listed, 
the number of individuals of each species is recorded, and 
commonly a map of the quadrat is made showing the location 
of these. In the case of a very small quadrat a photograph 
may be made by supporting a downward-pointing camera 
above it. 

Transects are of two kinds— the line transect and the belt 
transect. In the former a line is established across the area 
and the plants growing along this line are listed and mapped, 
while in the latter two parallel lines are established and the 
plants growing between them are listed and mapped. 

Both of these are methods of sampling, and if the quadrats 
or transects are located in such a way that they are represen- 
tative of the area, and if a sufficient number of quadrats or 
transects are used on each area, the methods are satisfactory. 
They may be used as a means of getting some indication of 
the species growing under any complex of environmental 
factors if the factors are carefully measured. Among the 
factors to be quantitatively determined are light intensity, 
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air temperature, evaporating power of the air, and the 
physical and chemical properties and water content of the 
soil The use of quadrats and transects in studying plant 
succession is discussed later (pp. 384 and 386). Airplane 
photographs are very useful in showing the distribution of 
vegetation over larger areas. An example of this is a pho- 
tograph which shows the character of the vegetation on an 


old lava flow as compared with that on the area not covered 

■bydt.;'. 

Ecology as a science has made rapid progress during the 
last two decades. We have accumulated many facts and 
have made considerable progress in systematizing these. 
Many principles are already plain as a result of these facts 
and other principles are emerging. 


Fig. 143. —Anemone plants in fruit on Mt. Rainier. 


CHAPTER XXVI. 

THE FACTORS IN THE ENVIRONMENT. 

All the factors in an environment may be conveniently 
grouped under three heads: climatic, edaphic, and biotic. 
Among the climatic factors are light, temperature, atmos- 
pheric humidity, precipitation, and wind. The edaphic 
factors are those that pertain to the soil. Under biotic 
factors we group all the influences exercised by living things. 

CLIMATIC FACTORS. 

Light.— It is easy to see in the field that many plants bear 
a very definite relation to light intensity, some being found 
in full sunlight and others only in shade. Sunflowers, for 
instance, flourish well in the direct sun, while many ferns 
(Fig. 150) flourish only in shady places. The form of plants 
is also frequently influenced by light intensity. An extreme 
case of this is a potato plant growing in darkness, where it 
becomes long and spindling, and grows toward any feeble 
source of light. The effects of complete darkness in deter- 
mining the form of plants is discussed under etiolation 
(p. 158). Many plants tend to grow taller in shade than 
they do in bright sunshine. The common shepherd's purse 
when growing in deep shade is an example of this. Water rela- 
tions in both soil and air tend to be different, however, in 
shady places from what they are in open places, and this is 
commonly a factor along with light intensity in determining 
the form of plants. 

Light intensity may be measured by various methods, none 
of which are entirely satisfactory. Among these are the 
exposure of photographic paper and noting the length of 
time required to change to a standard tint, as in the Clements 
photometer, the use of a Macbeth illuminometer in which a 
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Mazda lamp is used as a standard of comparison of the 
brightness produced, and the use of the photoelectric cell 
in which the electrical conductivity of a metal is changed 
by the light intensity and the results are read on a galva- 
nometer or other device. The last has the advantage that 
it can be used for measurements under water. 

Quality (wave length) of light is also an important environ- 
mental factor, but though exact experiments on its effects on 
the growth of plants have been made in greenhouses provided 
with spectral glass, less progress has been made in measuring 
it as a factor in the natural environment of plants. 

Temperature,— Temperature is a very important factor in 
growth. It is usually found that any species has a definite 
minimum, below which it will not grow, a definite maximum, 
above which it will not grow, and a fairly definite optimum 
between these at which it will flourish best. These three 
are known as cardinal temperatures and they are very differ- 
ent in difierent species. Some Arctic algge grow at a tempera- 
ture only slightly above the freezing-point, w^hile some blue- 
green algfe grow^ in hot springs where the w’ater is so warm as 
to be uncomfortable to the hand. 

Not only do these cardinal points vary for different species, 
but often in one species they may be quite different for dififer- 
ent functions. For instance, the minimum for growth may 
be different in any species from the minimum for flowering, 
and both of these may be different from the minimum for 
the same species for photosynthesis. 

Occasional determinations of the temperature of the air, 
may be made with suitable thermometers, and daily maxi- 
mum and minimum air temperatures may be determined with 
instruments such as those used by the United States Weather 
Bureau. Continuous records of air temperatures running 
through a growing season or through a series of years may be 
made by thermographs. 

Atmospheric Humidity.— Atmospheric humidity is also an 
important factor in the environment of plants. Other things 
being equal, a very dry atmosphere will cause more water 
to be evaporated from the surface of the plant, and will thus 
expose it to the danger of drying up; where a moist atmos- 
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phere would allow less evaporatioUj and the plant would 
not be in so much danger of drying up. Some plants, such 
as various species of cactus, flourish in the very dry air of 
desert regions, while some forest trees grow best where the 
atmosphere is foggy much of the time. 



Fig. 144. — Cross-section of a mullein (Verbascum) leaf, showing thick, dense 
covering of hairs on both surfaces. (Drawm by M. W. Phifer.) 


The evaporating power of the air may be measured by 
determining the amount of water evaporated in any given 
length of time from an inverted standard porous clay cup 
to w^hich the water is supplied through a glass tube extending 
into a bottle as in the Livingston atmometer. The relative 
humidity of the atmosphere may be determined by the use 
of wet and dry bulb thermometers. The dry bulb gives the 
temperature of the air and the wet bulb records a lower 
temperature because of the evaporation of water from a piece 
of cloth which covers it. Tables are available for interpreting 
these data in terms of the amount of moisture that the air 
contains in proportion to the amount that it would contain 
at that temperature if it were completely saturated. The 
cog psychrometer is a convenient form of this apparatus 
for field use. 

Precipitation.— 'Precipitation in the form, of either rain or 
snow must always be considered among the environmental 
factors. In the ease of rain, not only is the total annual 
rainfall important, but also its seasonal distribution. The 
effects of the rainfall on native vegetation, for instance, are 
quite different in the upper Mississippi Valley, where there 
is a cold winter and the rain comes in the spring and summer, 
from what it is in the Puget Sound region, where the winters 
are milder and rainy, and the summers are frequently some- 
what dry, though in some portions the rainfall of these two 
regions is approximately the same* 
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Snow influences vegetation partly by its mechanical effect 
upon plants. In some cases plants are broken by the weight 
of the snow, and in others they are bent down the side of 
the mountain or hill so that they are permanently curved. 
Often the snow is a protective covering so that the cold of 
winter does not result so seriously as it otherwise would. 
Snow is also found to have an influence on the character of 


the soil during the following growing season. It also acts 
as a reservoir of water during the summer. Water from 
melting snow in the mountains provides moisture conditions 
suitable for the growth of plants along rivulets and around 
ponds near snow fields and serves to maintain the flow of 
some streams and the level of some lakes in lower lands. 
Data on rainfall and snowfall for the region can usually be 


Frj. 145.— a horse-chestnut tree near the seashore in Victoria, B. Cl 
form of the tree is due to the prevalence of on-shore wind. 
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had from the nearest Weather Bureau station, or they may 
be measured throughout a year or more by the observer. 

Wind. —Wind is very important among the environmental 
factors of plants. The rate of evaporation of water from 
plants will be greatly increased by wind, though all other 
factors may remain the same. If the moist air around a 
leaf is removed by wind and drier air takes its place the 
rate of transpiration will, of course, be increased. Wind may 
also influence the form of plants. Trees growing near the 
seashore (Fig. 145) are very frequently distorted and one- 
sided, due to the influence of wind. 

Wind is also a factor in the environment of many plants 
because pollination is brought about by this agency, as in the 
firs and pines among coniferous trees, and the ragweed and 
other plants among the composites. Many plants are also 
dependent upon wind for their dispersal. Sometimes the 
whole plant is blown about, as in the case of the tumble weed, 
and sometimes it is the seeds or fruits that are borne by the 
wind, as in the case of the cat-tail and dandelion (Fig. 54). 
Wind velocity may be determined by an anemometer such 
as that used by the United States Weather Bureau, or by a 
small hand instrument. An anemometer is an instrument so 
constructed that the wind revolves a device consisting of 
four cup-shaped pieces of metal each placed on the end 
of a metal arm, and a dial on which the revolutions are 
recorded. 

EDAPHIC FACTORS. 

Edaphic factors may be classified as physical properties 
of the soil, soil water, soil atmosphere, topography, soil 
temperature, chemical properties of the soil, and soil 
organisms. 

Physical Properties of the Soil.— The physical properties 
of the soil are determined to a considerable extent by the size 
and shape of the particles that compose it. On the basis of 
the size of the particles soils are classified as gravel, sand, 
silt, and clay. Little water is held by a soil composed of 
gravel or coarse sand, while much is held by a soil composed 
of silt or clay. The degree of compactness of a soil is very 
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important in the growth of plants in it. If a soil is very 
compact, particularly if the soil particles are of such a nature 
that they cohere closely, roots have great difficulty in 
penetrating into it, while they penetrate a loose soil more 
readily. 

Many soils are composed of particles of various sizes, and 
the relative quantity of the particles of the different sizes may 
be readily determined by separating them on a nest of sieves. 
A nest of five sieves, tlxe coarsest having 20 meshes to the 
inch, the finest 100 meshes, and the intermediate ones 80, 60, 
and 40 is often used. The finest one fits into the top of a 
pan, each of the others fits into the top of the one below it 
and a cover is provided for the upper one. These are ar- 
ranged in order with the coarsest one at the top, a soil sample 
is placed on the top one and the whole nest is shaken. 
Some of the particles remain on each sieve while the finest 
ones pass through into the pan. If an exact determination 
is desired each portion of the soil may then be weighed. 

The relative number of particles of the various sizes may 
also be determined readily by shaking a soil sample in water 
in a fruit jar. When the jar is allowed to stand after shaking, 
the coarsest particles form a layer at the bottom and the 
others form layers above this, while the very small ones 
remain suspended for some time in the water. 

Soil Water and Soil Atmosphere.— The amount of water in 
the soil is important not only as a supply for the plant but 
because a soil which contains all of the soil water it can hold 
will contain no air. Field observations give general indica- 
tions of the amount of water in the soil, and exact determina- 
tions may be made by weighing soil samples before and after 
drying. 

The water present in soil is, of course, not pure water but 
is a complex solution of the Various organic and inorganic 
substances with which it has come in contact, and all of these 
constituents of the solution may have their influence in one 
way or another on the plants. Unless a soil is completely 
saturated the spaces among its particles will be occupied by 
a soil atmosphere and the relative amounts of nitrogen, 
oxygen, carbon dioxide and possibly other gases have much 
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to do witli the growing conditions for plants. In general 
the soil atmosphere is likely to contain more carbon dioxide 
and less oxygen than is usually present in air. This is 
especially true where much organic matter is present. 
The soil atmosphere of garden soils contains as much as 
7 per cent carbon dioxide and that of soils containing sewage 
as much as 10 per cent. The concentration of carbon dioxide 
in the soil atmosphere around the roots of growing plants 
has been found to be from 13 to 21 per cent. These concen- 
trations are in striking contrast with those of ordinary air, 
where it is from 0.03 to 0.04 per cent. It has been found by 
experiment that high concentrations of carbon dioxide are 
actually injurious to growing plants. The growth of elm 
trees is retarded by 2 to 5 per cent and various other plants 
are injured by concentrations varying from 2 to 20 per cent. 

Oxygen has been found deficient in soils that contain much 
organic matter. Manured rice fields sometimes have no 
oxygen in the soil atmosphere and it is often as low as 6 
per cent. In experimental work it was found that the entire 
absence of oxygen caused death in all plants tried. It seems 
evident that the microorganisms in soils containing large 
amounts of organic matter are a large factor in the increase 
of carbon dioxide and the decrease of oxygen. 

Marsh gas (methane, CH4) has been found in the soil 
atmosphere of cropped and manured rice plots and also in 
solution in the water in very wet bog soils. Such gases as 
are soluble in water may in all cases be present in the soil 
solution as well as in the soil atmosphere. 

fopography.— The topography of any area is very im- 
portant in the growth of plants since the flat portions will 
usually have poor drainage while sloping portions will be 
better drained. Changes in topography produced by wind 
and water are a large factor, often the limiting one, in the 
growth of plants. The movements of sand dunes are an 
example of the former, and the laying down of soil on the 
flood plain of a river is an example of the latter. 

Sand dunes (Fig. 146) are common in certain portions of the 
United States, notably at the southern end of Lake Michigan 
and along the Pacific coast in Washington and Oregon. 




Pig. 146. — An Oregon sand dune encroaching on a forest. 


bind the sand in certain areas and interfere with its move- 
ment. In many places these dunes overwhelm forests and 
kill them completely as is seen in the case of forests in the 
dunes of western Washington and Oregon (Fig. 146) and 
northern Indiana. Lakes and ponds are often formed in 
depressions among dunes in places where movement of the 
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An active dune is a hill of sand with a gentle slope on the 
windward side and a steep slope on the lee side. Sand is 
carried up the gentle slope and deposited at the top of the 
steep one. Frequently the movement of the sand is so con- 
tinuous that no vegetation at all gets started. Often, how- 
ever, plants with vigorous rhizomes do get a start, and thus 
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sand has stopped, and water-lilies and other plants flourish 
in these. Often these lakes are filled when the dunes again 
begin to travel. Very old dunes may become quiet enough 
so that the ordinary plants of the region grow on them and 
forests on old dunes are not uncommon. Dune areas have 
so many striking features that a visit to a dune region is 
well worth W’'hile for any one interested in Nature. Further 
information about them may be found in the books listed at 
the end of this chapter. 

Soils laid down by the overflow’^ of rivers are common on 
flood plains. Soil particles carried in suspension by the 
•water while it is in motion settle out when it becomes quiet 
and a layer of soil is thus deposited. This may bury the low 
plants which have grown on the area so deep as to kill them 
and provide a soil in which a new plant community will 
flourish. Many seeds are brought in by water and the pres- 
ence of these seeds and the changed soil conditions may result 
in striking changes in vegetation as a result of occasional 
floods. The establishment of wdllow thickets on areas which 
were formerly occupied by meadows of native grasses has 
often been observed in certain portions of the drainage 
basin of the Missouri river. 

Soil Temperature. -—Soil temperature is a large factor in the 
growth of plants. Certain plants are characteristic of cold 
soils and others of warmer soils. Occasional measurements 
of soil temperatures may be made with a soil thermometer, 
and a complete record for a year may be made with a soil 
thermograph. This instrument consists of a metal pipe 
which can be buried in the soil at any depth, and a flexible 
metal tube connecting this with the recording instrument. 
The pipe and tube are filled with some suitable liquid and 
the expansion and contraction of this liquid govern the 
position of the pen which records the temperatures by a 
continuous line on paper placed on a drum revolved by 
clock-work. 

Chemical Properties of the SoiL— The chemical properties 
of the soil have to do largely with the nutrients present in it. 
The necessary salts for the growth of plants, such, for 
example, as the salts of potassium, calcium and iron, are 
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frequently present in the form of chlorides, nitrates, and 
sulphates. 

The chemical reaction of the soil is also an important 
factor ill the growth and development of plants. Whether 
the soil is acid, alkaline or neutral often determines what 
plants can flourish in it and what ones cannot. These condi- 
tions can be expressed exactly in terms of hydrogen ion 
concentration and the expression pH is used for this purpose. 
A neutral solution has pH 7, an acid solution less than 7, 
and an alkaline solution more than 7. The complete deter- 
mination of the chemical properties of a soil requires, of 
course, a quantitative determination of its constituents, 
and this must be made in a well-equipped laboratory by an 
experienced chemist. A fairly good indication of the acidity 
or alkalinity of a soil can be made in the field with an inex- 
pensive hydrogen ion set, but it is desirable to make more 
exact determinations in the laboratory. 

Soil Organisms.— Soil organisms influence both the phy- 
sical and the chemical properties of the soil and they are 
discussed under biotic factors (p. 352). 


BIOTIC FACTORS. 

Among the biotic factors are other plants, animals and 
man, man’s activities being so extensive and various that 
it seems wise to discuss them separately from the activities 
of animals. 

Other Plants,-— Among the ways in which plants may 
influence the growth of other plants is by shading them, 
as for example the ferns that grow in the shade of a forest 
(Fig. 150); also the humus produced by the decay of former 
plants is frequently a factor. 

Living microorganisms in soils are often numerous and 
must always be considered in estimating the soil as a medium 
for plant growth. Bacteria, molds, and other fungi are 
common; protozoans are frequently found; and some algae 
occur. The respiratory processes of all of these organisms in- 
fluence the relative amounts of carbon dioxide and. oxygen in 
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the soil, and many of them cause decay or putrefaction of the 
organic matter of the soil. Many kinds of bacteria exist 
free in the soil, but at least one species flourishes in symbiotic 
relation (see p. 366) with the roots of living plants. This 
species grows in root tubercles of clover and other plants of 
the legume family. The bacteria here are a factor in the 
life of the clover, and the clover is, of course, an important 
factor in the life of the bacteria. These bacteria differ 
from most organisms in being able to use the uncombined 
nitrogen of the air. They combine this nitrogen with other 
elements in forms in which it can be used by the plants on 
which they flourish or it may remain in the soil and be used 
by those which grow there later. Legume crops such as 
clovers are commonly used in crop rotation to increase the 
amount of nitrogen in the soil. Care must be taken, how- 
ever, to be sure that the bacteria are present since legume 
crops may grow without the bacteria, and in that case they 
would not be effective. 

Bacteria that are able to take the free nitrogen of the air 
and combine it into the complex substances that make up 
their cells also exist free in the soil independent of the roots 
of plants, and these are often quite as important as those 
that form symbiotic relations with roots. Nitrogen fixation 
is only one of the many activities of bacteria in soils. Many 
different kinds of bacteria are present, and some of them build 
up certain compounds while others break them down. 

The presence of microorganisms in the soil is discovered in 
part by direct microscopic examination and in part by plac- 
ing samples of the soil in appropriate sterilized media and 
determining the organisms that grow there. 

Biotic factors are strikingly illustrated by cases in which 
one plant grows on another and derives nourishment from it. 
An organism dependent on another in this way is called a 
parasite, and parasitism is discussed on p. 364. 

Animals.— Animals influence plants in many ways. One 
of the ways in which they are beneficial is by the pollination 
of flowers. Cross-pollination of red clover is brought about 
by bumble bees, and of sage by various insects. The 
relation between the form and color of flowers and the visits 
23 
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of insects to them which result in pollination is a very intri- 
cate and interesting one. 

In a few cases plants posses means of getting animal 
food. Among these may be mentioned the pitcher plants 
(Fig. 149), in which various kinds of insects get into the 
pitchers and are finally used as food by the plant. Another 
case is the butterwort, in which the insects are caught on the 
surface of the sticky leaves and are digested after the margin 
of the leaf is rolled inward. The sundew, a common plant 
of sphagnum bogs, digests insects which become stuck fast 
in the drops of liquid secreted at the tips of the hairs. The 
hairs bend over and press the insect down upon the leaf and 
then become erect again after the insect is digested. 

Seed dispersal by animals is common and is thus an 
important phase of the biotic relationship. Burs, such as 
cockleburs and sand-burs, are frequently caught in the hair 
of animals and thus carried to new locations. In some cases 
berries are eaten by animals, and when the pulp is digested 
the seeds are not affected by the digestive tract and are thus 
scattered. 

Man*s Activities.— Man’s activities have influenced the 
character and distribution of plants very greatly. He has 
developed cultivated plants from wild ones, this having 
been brought about in many cases not only by selection but 
also by cross-breeding (see p. 316) and these he has distri- 
buted throughout the world as suits his convenience. 

By breaking the praiine and by removing the forest he 
opens the way for many weeds to flourish where they other- 
wise would not have had an opportunity. Other well-known 
ways in which man influences the distribution of plants are 
the incidental scattering of seeds in the shipment of grains, 
hay and other plant products, and the killing out of certain 
plants by the pasturing of domestic animals. 
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CHAPTER XXVII. 

INDIVIDUAL PLANTS IN RELATION TO THEIR 
ENVIRONMENT. 

Plants are commonly classified on the basis of their 
relation to their environment. Such a classification obvi- 
ously has no relation to classifications made on a morpho- 
logical or taxonomic basis and species which are quite 
unrelated on this basis may come in the same ecological 
class. A very useful classification is that based on the 
relation to water, and plants are thus divided into four classes. 
Hydrophytes are plants growing where water is abundant, 
xerophytes those growing where water is scarce, mesophytes 
those growing where there is a medium supply of water, 
and halophytes those growing where the soil water contains 
much salt. 

These four words refer to plants and since ecology deals 
with both plants and animals it is desirable to have adjectives 
that will characterize either the water conditions of the 
habitat or the general character of the organisms found in 
them. The adjectives hydric, xeric, mesic, and halic are 
used for this purpose, Hydric is used to characterize a 
habitat in which water is abundant or an organism commonly 
occurring in such a habitat. Xeric, mesic, and halic are 
similarly used in reference to either the habitat or the plants 
and animals characteristic of the habitat. 

HYDROPHYTES. 

Hydrophytes differ a good deal in the positions that their 
organs occupy with relation to water. They may be con- 
veniently grouped under four heads: (1) those that have 
their vegetative parts completely submerged; (2) those that 
are submerged except that their leaves float; (3) those that 
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have the base in. water and the upper parts in air; (4) those 
that are free-floating. 

Plants that have their vegetative parts submerged com- 
monly have the flowers borne on special stalks extending 
above the surface of the watery and in some a few leaves 
appear above the surface of the water on the flowering por- 
tion. Three common examples of this class of hydrophytes 
are water milfoil (Myriophylhim) , waterweed (E/o&a) /and 
bladderwort ( 

Water milfoil is a perennial plant represented by several 
species in various parts of the United States and other 
countries. The leaves are crowded and the ones under Avater 
are pinnately divided into numerous slender parts. The 
flowers and a few leaves are usually borne above the sur- 
face of the water. The waterweed is a slender perennial 
herb with small, undivided, veinless leaves. The pistillate 
flowers are borne at the surface of the water and the staminate 
flowers break away from the plant and float so that the 
pollen when discharged reaches the stigmas. There are 
several species of bladderwort some of which float free while 
others are rooted in the mud under shallow, quiet water. 
A very common one ( U. mlgaris) is widely distributed in 
North America and Europe. Its leaves consists of many 
divisions so fine as to be almost thread-like. They bear 
small bladder-like bodies in which small animals are 
trapped. Its flowers are borne above the surface of the 
water. All three of the plants described are common in 
shallow water in the margins of ponds and slow-moving 
streams. Some of the pondweeds (Potamogeton) have two 
kinds of leaves, one floating on the surface of the water and 
the other borne on the submerged stem. Many submerged 
plants have special vegetative reproductive bodies which 
lie dormant in the mud at the bottom of the pond or lake 
during the winter and produce new plants in the spring. 

Some hydrophytes have all of their vegetative parts sub- 
merged except the leaf blades, which float on the surface of 
the -water. The common water-shield (Brasenia) has 
rhizomes growing in the mud and has floating leaf blades 
borne on long slender petioles. The submerged parts are 
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covered with a thick coating of tough, transparent, jelly- 
like material. The flowers are small and purplish. The 
w’'ater-lilies (Nymphwa and CastaMa) mostly have floating 
leaf blades and very slender petioles, though some have 
stouter petioles, which in most cases support the leaf blade 
above the surface of the water. 

A good many hydrophytes have their roots either in water 
or mud, while the stem, leaves, and flowers are borne in the 
air. Among these are the arrowhead (Sagittaria)^ the bul- 
rushes (Sdrims) , and the mare’s tail ( Hippuris) . A common 
species of arrowhead {S, latifolia) is readily recognized by 
its large leaves with arrow-shaped blades. It is common in 
the margins of lakes and ponds in many parts of the United 
States. The bulrushes are widely distributed and grow 
abundantly in marshes and shallow lakes. Mare’s tail has 
jointed stems which slightly resemble those of the scouring 
rush. Its rhizomes commonly grow in the water instead 
of in the mud. 

Some plants float free on the surface of the water. Con- 
siderable areas of fresh water are often covered with duck- 
weed (Lemna). The individual plants are usually less than 
I inch across and consist mostly of a thallus-like body, which 
has two or more leaves on the surface of the water, and a 
single root which dangles in the water. One species of 
live:pwort also floats on the surface of the water and often 
covers considerable areas in quiet ponds and lakes. Another 
plant which floats on the water is the water hyacinth 
(Eichhornia) which multiplies very rapidly by vegetative 
means and has an enlarged portion with spongy tissue in it, 
which enables the plant to float. The roots of this plant 
sometimes grow into the soil in shallow water and thus 
anchor the plant, although the upper parts rest on the sur- 
face of the water. 

Some plants are capable of growing either in water or but 
of it. Examples of this group are water-celery (fflnrmlAe), 
some species of grass, and at least one species of knotweed 
{Polygonum). 

Though no exact statements can be made about the form 
and structure of hydric plants that will apply to all of them, 
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certain features are rather common. They usually have 
large air spaces in their organs (Fig. 147) and in manV cases 
these air spaces are really in the form of channels through 
which air may readily diffuse for some distance lengthwise 
in the plant without passing through any membranes at all. 



Fig. 147. — Cross-section of a stem of mare’s tail {Hippuris vulgaris). 
The vascular tissues are confined to the darkened circle at the center. 
The air spaces are separated by partitions one cell thick. (Drawn by 
M.'W., Phifer.), 

The root system of hydrophytes is usually small and 
poorly developed. This seems, like many of the other facts 
about their form and structure, to correlate with their 
growth in water where the opportunities for absorption are 
very large. The aerating tissues we may correlate with the 
fact that the gases are not abundant under the water, and 
that at least in those that have some of their parts in the air 
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the gases are diffused from the top of the plant to the lower 
part of the stem and to the roots. 

The amount of vascular tissue in water plants is also 
greatly reduced (Fig. 147) . At least in the case of sub- 
merged plants this seems to correlate with the fact that 
water can probably be taken in at almost any point on the 
plant. In submerged plants there is very little hard tissue. 
The growth in a relatively dense medium like water seems to 
be correlated with the lack of necessity for strengthening 
tissues. 

The epidermis of the submerged portions of plants is 
usually much modified. In fact, where the plant has 
chlorophyll in the cells of its outer layer and there are no 
stomates, we sometimes speak of the condition as the one 
in which there is no epidermis present. Many submerged 
leaves are either very narrow, or else they are dissected into 
narrow segments. This fact we may associate with the idea 
of the movement of water being more likely to do mechanical 
damage to large leaves. 

XEROPHYTES. 

Xerophytes are especially characteristic of desex’t regions. 
Among those showing striking xeric characters of form and 
structure are the various kinds of cactus found in the deserts 
of certain portions of southwestern United States. They 
are mostly fleshy, leafless plants with green sterns and many 
of them have spines or prickles. The giant cactus (Fig. 151) 
has columnar, fluted stems which contain so much water 
that the plant may live for several years on the water thus 
stored. The loss of water is slow because of the thick 
cuticle and the sunken stomates, and is regulated to a 
certain extent by the shrinking of the stem as its water 
content becomes less so that the ridges come closer together 
and its surface is thus less exposed. This plant also con- 
tains much colloidal material which holds water tenaciously. 

It is impossible to state any group of characters of form 
and structure which will be found in all xerophytes but 
certain characters are very general. They are likely to have 
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large root systems, especially when they grow in a dry, sandy 
soil, which offers very little mechanical difficulty in the 
penetration of the roots. It has been found when investi- 
gating the roots of one species of hawkweed (Hieraciwn 
Scouleri) that their roots commonly penetrate to a depth of 
over 6 feet in the soil. 

This large root development is interesting in comparison 
with the small development of the aerial portions of the plant. 
The stem is not usually over 2 feet tall and though the basal 
leaves are fairly large the stem leaves are much reduced. 
The structure of the leaves, too, is such as to make the 
evaporation of water from them rather slow. This plant is 
well fitted to grow in dry places, and is a good illustration of 
the general principle that xerophytes make economical use 
of water. This economical use is accomplished by keeping 
a balance between water intake and water loss. By one 
means or another they absorb considerable water in spite of 
the scant supply and they also lose comparatively little by 
evaporation. 

Some plants growing in regions where there is very little 
rain have thick roots which store water so that the plants 
can remain alive through several months during which there 
is no rain at all. The intisy tree {Euphorbia intisy) of 
southern Madagascar is an example of this. 

Certain modifications of the leaves are also characteristic 
of many xerophytes. A very common condition is that in 
which the leaves are very much reduced, as in the cacti and 
other desert plants ; or are very thick, as in stonecrop {Sedum ) . 
A good many xerophytes have rolled leaves. In the case of 
the crowberry (Empetrum) which grows in northern regions 
and on some mountains in temperate regions, the edges of 
the leaf are inrolled until they touch at the back, so that 
the ventral surface of the leaf is not directly exposed to the 
air at all. Other leaves, such as those of some of the grasses 
{SpaHiud), roll and unroll, depending upon whether the 
conditions surrounding the plant are moist or extremely dry. 
In some leaves the stomates are also sunken beneath the 
surface so that evaporation from them is slower than it would 
be if they were at the surface. Other xeric leaves have a 
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large development of palisade tissue on both sides of the leaf, | 

where most mesic leaves would have a similar development ( 

of palisade tissue at the upper surface only, with a large 1 

amount of spongy parenchyma next to the lower surface. j 

The leaves of many plants growing in dry places also have i 

thick cuticle. This is found in many broad-leaved ever- ' 

greens, such as the rhododendron and some of the laurels. 

Xeric leaves are also likely, in some cases, to have hard 
tissues within the leaf, such, for instance, as is found in 
Banksia. Many xerophytes have a more or less dense 
growth of hair on the surface, as compared with the very 
smooth surface of mesophytes or hydrophytes. This is 
illustrated by the common roadside mullein (Fig. 144) and 
by the alpine thistle. 

The leaves of some xeric plants have means of storing 
water either in their tissues or in cavities connected with * 

the leaf into which atmospheric moisture, condensed on the 
leaf, runs. Colorless tissues in the leaf blades, such as those 
found in the rubber plant {Ficus elastica) and the gumweed 
{Grindelia), illustrate the former, and the large cavity at -I 

the base of each leaf of the travelers' tree {Ravenala) of ! 

Madagascar, illustrates the latter. 1 

In addition to all of the above structural characters it has j 

been found that many xeric plants contain a large amount 
of more or less mucilaginous or gummy material, which is in 
a colloidal state. Material of this kind imbibes water in -'j 

considerable quantities and holds it with great force. Such ^ 

a condition as this is found in many of the cacti, w^here | 

enormous pressure fails to get out all of the water in them. | 

Although the first of the water may press out rather easily, I 

the difficulty of pressing it out becomes greater and greater I 

as the water in them decreases. Probably the water-holding . ! 

power of this colloidal material aids a good deal in keei)ing 
down transpiration in desert plants. 

MESOPHYTES. j 

Mesophytes are plants whose relation to water is between 
the two extremes seen in hydrophytes and xerophytes. They I 
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are the ordinary plants of everyday life which grow with 
a moderate water supply. Among the plants which con- 
stitute this class are the common buttercups and trilliums 
(Fig. 1), and most of our common garden and crop plants 
such as peas, beans, oats, and corn. 

Many herbaceous mesophytes are annuals and exist during 
the winter as seeds. Only the underground portions of 
herbaceous perennials such as the trilliums and some of the 
buttercups live during the winter, and herbaceous mesophytes 
thus have aerial portions only during the grooving season. 
Most deciduous trees and shrubs such as willows, maples, 
alders, and roses are mesophytes and the case with them is 
somewhat different from that of herbaceous mesophytes. 
They change from their summer condition in which they 
absorb water readily and transpire it freely to the winter 
condition in which they neither absorb nor lose water in any 
considerable quantities. 

Certain features of the roots and leaves of mesophytes are 
so common that they may be mentioned as characteristic of 
the group. They have fairly large root systems, usually 
much branched, and root hairs are abundant. The leaves 
are relatively large and have stomates on both surfaces 
except in trees, where they are frequently on the lower 
surface only. They usually have a plentiful supply of 
chlorophyll and in this they contrast with xerophytes, many 
of which show a pale-green color. 

HALOPHYTES. 

Halophytes grow in salt marshes or other places where 
there is a high concentration of dissolved substances in the 
soil water. The soil water thus has high osmotic pressure 
(see p. 135) and the juices of the plants usually have high 
osmotic pressure also. Glasswort (Salicornia) is a fleshy, 
leafless plant common in marshes into which sea water 
penetrates at least at high tide. The osmotic pressure of its 
juice is commonly over 30 atmospheres and has been found 
to be as high as 45. The osmotic pressure of sea water under 
ordinary conditions is about 20 atmospheres. The high 
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osmotic pressure of the juice of plants characteristic of halic 
conditions contrasts sharply with the lower osmotic pressure 
of the Juice of plants characteristic of mesic conditions. 

Certain similarities between glasswort (a halophyte) and 
cactus (a xerophyte) may be observed. Both are practically 
leafless, both are fleshy, and both develop colloids (see p. 24) 
in their cells which hold water and thus tend to make trans- 
piration slower. Other salt-marsh plants showing xeric 
characters are arrow grass {Triglochin maritima), which has 
fleshy leaves, and salt grass ( Distichlis spicata) which is pale 
in color and has inrolled leaves. 

SYMBIOSIS. 

Several ecological classes are based on other factors than 
water. These factors are largely biotic and most of them 
can be grouped under symbiosis. This term includes all 
cases in which organisms of different species live together in 
a definite relationship, whether this is to their mutual advan- 
tage or not. Organisms growing together in such a relation- 
ship are called symbionts. Symbiosis may exist between 
plants and animals as well as between two species of plants 
or two species of animals. In this book we are concerned 
with those cases in which one of the symbionts is a plant. 
Some of the cases considered under biotic factors (pp. 352 
and 353) are examples of symbiosis. Only a fevr of the many 
kinds of symbiosis can be discussed here. 

Parasites.— Parasitic plants are those that live on other 
living organisms (mostly plants) and derive food or raw 
materials from them. The living organism on which a 
parasite grows is called its host. A common case of para- 
sitism is the growth of dodder (Cmcuta) on willows, golden- 
rods, alfalfa, and other plants. Dodder is a slender, thread- 
like plant that twines about its host and sends absorptive 
processes called haustoria into its tissues. This plant is 
leafless and has a yellowish or orange color. It has no 
chlorophyll and is thus unable to manufacture its own carbo- 
hydrate food. Its seeds germinate on the ground and it 
forms a temporary connection with the soil until its stem 
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attaches itself to the host. There are many species of dodder 
and they are widely distributed in the United States and 
other countries. Some of them are very injurious to such 
crops as flax, clovers, and alfalfa. Their seeds are very small 
and thus often escape notice among the seeds of the host 
plants. Great care is now taken to remove all dodder seeds 
from those of crop plants, and the fight against this pest 
has been a fairly successful one. It is abundant, however, 
on wild plants in many places and large patches of it are 
common on Salieornia in salt marshes and it is also abundant 
on various plants of the composite family and it is frequently 
found on willows and some other woody plants. 

Various species of mistletoe of two genera {Phoradendron 
and Arceuthobium) are common on trees. They are dependent 
on the host for water but have more or less chlorophyll 
and are able to manufacture at least a part of their food. 
They are found on oaks and other broad-leaf deciduous trees 
and also on firs, hemlocks and other coniferous trees. 
Some of the mistletoes have sticky seeds and explosive 
fruits and the seeds thrown by their fruits readily adhere 
to the bark of the hosts and germinate there. The seeds of 
some species are also distributed by birds. When birds eat 
the fruits the seeds stick to their bills and are thus carried 
by them to other trees where they are wiped off on the bark. 
Mistletoes are often very injurious to trees and are thus of 
some economic importance. They do great injury to some 
oaks and often cause excessive growth of small crowded 
branches on some conifers. These growths are called 
^Vitches' brooms’^ and are conspicuous on some firs and 
other trees. Not all witches’ brooms, however, are caused 
by mistletoes. They may be due to fungi or other organisms. 

Root parasites are also common. Since the attachment 
to the host is underground and the aerial portion of the 
parasite comes from the soil at a little distance from the stem 
of the host the parasitic relation is not at once apparent. 
Examples of root parasites are the plants called pine drops 
(Pterospora) which are commonly parasitic on the roots of 
conifers, and several species of broom-rape {Orobanche) 
which are parasitic on the roots of various plants. Pterospora 



366 


INDIVIDUAL PLANTS 


is a tall reddish-purple plant with scattered scale-like leaves, 
found ill many parts of the United States. The plants die 
after the flowers are mature and their dead stems, often 
2 or 3 feet tall, are conspicuous in open coniferous forests. 

The parasitic species of broom-rape occur on the I'oots of 
several species of plants of the composite family and also on 
hemp, tobacco, and salaL It is parasitic on lateral roots 
and often occurs several feet from the stem of the host. All 
of the plant except the flowering shoot is underground. This 
flowering shoot is very short and its leaves are scale-like 
and usually brownish or whitish. 

Reciprocal Symbiosis. —Cases in which two species live 
together to their mutual advantage are called reciprocal 
symbiosis as distinguished from antagonistic symbiosis, 
which is illustrated by parasitism. The lichens furnish a 
striking example of reciprocal symbiosis. Their structure 
and methods of reproduction have already been described 
(pp. 234 and 236) and the mutual advantages of the asso- 
ciation of the alga and the fungus which form the body of a 
lichen have been discussed. A unique feature of this associa- 
tion is the formation of the special vegetative reproductive 
bodies (soredia) which include both the alga and the fungus 
and thus provide for the continuance of the symbiotic 
relationship in the plants produced by them. Another 
example of reciprocal symbiosis is the relation between the 
bacteria in root tubercles (p. 353) and the plants on whose 
roots the tubercles occur. 

Saprophytes.— In the cases of symbiosis described above, 
the relation is in part a nutritive one. Saprophytes may be 
discussed here, though saprophytism is not a case of s.ym- 
biosis. Saprophytes are plants that get their food from dead 
organic matter, and some of them can live either as sapro- 
phytes or parasites. The bracket fungi and some bacteria 
are examples. A bracket fungus may grow as a parasite 
on a living tree, but continue to live as a saprophyte on dead 
organic matter after the tree is killed. It often grows on 
dead stumps (Fig. 99) where its mycelium (see p. 228) may 
have been in the living tree as a parasite or may have entered 
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the stump as a saprophyte after the tree was cut. The 
typhoid bacillus is primarily a parasite in the human body, 
but it lives also as a saprophyte in water and in milk and 


(Momtropa unijiora) , a saprophyte, growing in rich 
woods. 
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other foods. The tetanus bacillus is primarily a saprophyte 
living in soil but is incidentally a parasite when introduced 
into the human body through a wound. 

Among the seed plants that live as saprophytes are the 
Indian pipe (Monotropa) , the coral root (Corallorrliiza ) , and the 
snow ox(M.dL {Cephalanthem austinoe) (Fig. 134). The Indian 



Fig. 149. —A pitcher plant {Darlingtonia caUfornica), growing in a Sphagnum 

. . ■■ ■' 

pipe (Fig. 148) is a whitish plant of waxy appearance oceuring 
in clusters in rich woods where decaying organic matter is 
abundant. It is entirely devoid of chlorophyll and is 
therefore unable to form its own carbohydrate food. Its 
leaves are merely small scales. 

The various species of coral root are herbs somewhat 
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similar to the Indian pipe in form, but having a reddish- 
brown or yellowish color. They occur on decaying organic 
matter in the soil of groves and forests in many parts of the 
United States and other countries. The snow orchid is a 
rare plant found in western United States. It is waxy white 
and practically leafless. It is found only in deep woods 
(Fig. 150). 

Social Symbiosis.— Plants often show symbiotic relation- 
ships, in which no nutrition is involved. These cases are 
called social symbiosis. Many plants are rooted in the soil 
and have long stems which climb by one means or another. 
Such plants are called lianas, and where the support is 
another plant the relation is a symbiotic one. Some culti- 
vated plants climb on supports provided for them, and in 
citing examples, such plants will be included along with those 
that climb on other plants. A common method of climbing 
is by twining around the support. This is seen in such herbs 
as hops, morning glories and bindweeds, and in such woody 
plants as bittersweet, and honeysuckles. Woody twiners 
are especially abundant in tropical forests where they form 
a conspicuous feature of the vegetation. 

Many plants such as grapes, sweet peas and some vetches 
cling to their supports by means of tendrils, while others 
such as the Virginia creeper hold to trees or other supports 
by means of aerial roots. Climbing plants get their leaves 
into positions advantageous for light without developing 
strong stems, but where supports are not available they are 
at a great disadvantage. In tropical forests the festoons 
of lianas are sometimes so dense on the trees that some fail 
to find support and grow in dense masses on the ground. 

Some plants are entirely dependent on other plants for 
support and are not rooted in the soil at all. Plants growing 
in this way but not deriving nourishment from the plants on 
which they are supported are called epiphytes. Some 
lichens have such symbiotic relations with trees. Long 
thready ones form moss-like festoons pendant from the 
branches of trees in damp forests, and foliose ones often form 
dense growths on the branches of forest trees and fruit trees 
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in moist regions. Many ferns such as the licorice fern often 
grow on trees also. Their rhizomes are commonly embedded 
in a dense growth of mosses or leafy liverworts and these as 
well as the ferns are epiphytes. It is probable that in such 
cases the epiphytic relation is to a certain extent also sapro- 
phytic, since no doubt there is some decay of the bark of the 
tree or of the older parts of the mosses and liverworts so that 
some organic material may be absorbed. 

An excellent discussion of symbiosis is presented by W. B. 
McDougall in the work included in the list at the end of 
Chapter XXVL 


CHAPTER XXVIII. 

PLANT COMMUNITIES. 

Plants naturally associate themselves into communities^ 
large and small. All of the factors of the environment may 
have their influence in determining what kind of community 
will occupy any given area, but in many cases some one factor 
is the limiting one. Climate often determines the general 
nature of the plant community over a large area. One 
illustration of this is the grassland community occupying 
much of the portion of the United States, Northern Mexico 
and Southern Canada between 95 and 110 degrees west 
longitude. Another is the Arctic tundra, which covers the 
extreme northern portion of North America and is charac* 
terized by sedges and lichens and some very small shrubby 
plants. 

The nature of many smaller communities is determined 
largely by water, though of course other factors operate. 
Swamps, prairies, deciduous forests, coniferous forests, and 
deserts are illustrations. 

SWAMPS. 

Swamps are present along the shallow, muddy margins of 
ponds and lakes in many parts of the United States, The 
water table is often at the surface of the soil, though it 
usually varies during the year and may be sometimes above 
the surface of the soil and sometimes below it. The swamp 
community, however, usually extends into the shallow margin 
of the pond or lake. Plants characteristic of swamps are 
cat-tail An), bulrushes (Sarp^^^), the reed (Phragmites), 
and bur-reeds (Spar^amwm). The bulrushes usually domi- 
nate on the side of the swamp toward* the lake, often forming 
a pure stand in water 4 feet or more deep, while the reed is 
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usually most abundant on the shore side. The plants of 
this community develop a dense growth of horizontal rhi- 
zomes in the substratum, and this gives firm support to the 
tall aerial portions, which also form dense growths. 

PRAIRIES. 

Prairies dominated by tall grasses were best developed in 
western Iowa, eastern Nebraska, and the region immediately 
north and south. These have been largely destroyed as the 
lands have been brought into cultivation but in some places 
they have been left undisturbed. The grasses make a rank 
growth and are well rooted, forming tough sod. Examples 
of these grasses are the blue-joint {Agropyron) and porcupine- 
grass {Stipa spartea). These prairies furnished the wild hay 
cut by the early settlers. Many other plants flourish in these 
prairies and the competition between these and the grasses 
for space, water, and light is intense. The appearance of 
these prairies varies with the advance of the seasons and the 
changes in the floral covering. Among the spring plants 
are the ground plum {Astragalus caryocarptis)^ false indigo 
(Baptisia bracteata), a phlox {Phlox pilosa)^ blue-eyed grass 
( Sisyrinchium angustifolium) , and the blue violets ( Viola) . A 
large sunflower is common in summer and the lead plant 
{Amorpha canescens), and wild licorice {Olycyrrhiza lepidotd) 
are also seen. The autumn brings an abundance of asters 
{Aster) and goldenrods {Solidago) , Prairies of this type occur 
in regions having a continental climate with rather long 
cold winters and moderate rainfall, abundant in spring but 
continuing during the summer. The term continental 
climate is used with reference to the climate of regions so 
far from the coast as not to be influenced by winds from the 
ocean. Such a climate usually has a rather wide range of 
temperature, both annual and diurnal. 

DECIDUOUS FORESTS, 

Deciduous forests are common in regions of temperate 
climate. Here the trees grow vigorously during the favorable 
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conditions of temperature, moisture, and light in spring and 
summer, and are leafless and dormant during the winter when 
these conditions are less favorable. In the United States 
the}^ have been abundant in the portion east of the Mississippi 
river but in some places they have now been removed or much 
modified. The beech-maple forest which has developed so 
well in the northeastern portion of this region may be taken 
as an example of a deciduous forest. 

This forest is in the main dominated by a beech (Fagtis 
grandiflora) and the sugar maple (Acer saccharum), though 
oaks (Quercus), the basswood (IHlia a7nericana) md the 
yellow birch (Betiila lutea) are abundant. Other trees such 
as elm and black walnut are less characteristic but com- 
monly present. Many smaller trees are common; the iron- 
wood (Ostrya), the flowering dogwood (Conius florida)^ and 
the hawthornes (Cratagus) are familiar examples. Deciduous 
shrubs are also common. Among these are the June-berry 
(Amelanchier) , the prickly ash (Zanthoxylum) , and the poison 
iyy (Rhus toxicoderidro'n). 

Herbaceous plants are abundant on the forest floor under 
these trees and shrubs. They are conveniently grouped 
according to the season at which they show their best 
development. In spring, when light conditions are favorable 
because the trees and shrubs are leafless, many perennial 
herbs which have stored an abundance of food in their under- 
ground parts grow vigorously and form an attractive feature 
of these forests. Among them are the bloodroot (San- 
guinaria), the Indian turnip (Arismma), the trilliums 
(TrUliim), and the columbine The summer 

flora of this forest floor includes a number of herbs. The 
sanicle (Sanicula) is an example. In autumn a few asters 
and goldenrods are found. 

CONIFEROUS FOBESTS. 

Coniferous forests, commonly called evergreen forests, 
often flourish where the summer rainfall is a little less and 
the winters colder than in the regions characterized by 
deciduous forests. Coniferous forests growing under such 
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conditions formerly covered large areas in the New England 
states and in northern Michigan, Wisconsin and Minnesota, 
but they have now been largely destroyed by logging. 
Coniferous forests also occupied considerable areas in south- 
eastern United States, where the climatic conditions are 
different from those mentioned, due to favorable combina- 
tions of soil factors with climatic factors. Considerable 


Fig, 150. — Ha-vine vegetation in a 
Sword fern and snow orchid in the foreground, 
graph by J. B. Flett.) 


cleared coniferous forest. 
N ear Chico, W ash. (Photo- 


areas of virgin coniferous forests still remain in western 
United States in California (Fig. 125), Oregon, Washington, 
Idaho and Montana and also in western Canada, though 
large areas in both countries have been logged over so that 
the character of the forests has been much changed. Near 
the coast many such forests often flourish in regions where 
the winters are mild and rainy, while the summers are 
relatively cool and dry (Fig. 150). 



CONIFEROUS FORESTS 


375 


A coniferous forest usually has one or two dominant 
evergreen conifers and several others less abundant. Decid- 
uous trees are sometimes mixed with these. Under the 
trees are shrubs; frequently some deciduous and some ever- 
green. Ferns and herbaceous flowering plants are common 
on the forest floor (Fig. 150). 

A Douglas fir forest such as flourishes in the Puget Sound 
region in northwestern United States is a good example of a 
coniferous forest. Much of this forest reaches its best 
development on soil that was laid down long ago by glaciers 
and consists of clay with a liberal mixture of stones of 
various sizes. The forest developing on such a soil at 
moderate elevations (less than 1000 feet) where drainage 
is good is dominated by the Douglas fir (frontispiece), with 
which occur the western hemlock (Tsuga heterophylla) and 
the giant cedar (Thuja ^licaia). Some white fir (Abies 
grandis) occurs and the western white pine (Pinus monticola) 
is found especially on hills where the soil is gravelly. The 
western yew (Taxus hrevifolia) is an occasional tree, never 
abundant. Other conifers occur in this forest under different 
conditions of soil and drainage and at increasing elevations. 

Deciduous trees are fairly common but are not a conspicu- 
ous feature of the virgin forest except along streams and 
lakes, where the cottonwood (P of ulus trichocarpa) and the 
red alder (Alnus oregona) are common and the Oregon ash 
(Fraxinus oregana) is frequently found. The alder also 
occurs in the forest in places more distant from streams 
and lakes though it is always most abundant on low ground. 
It is much larger than the alders of eastern United States 
and reaches a height of 60 feet or more. The largest of 
the deciduous trees common in this forest is the broadleaf 
maple (Acer macrophylhm). The vine maple (Acer circina’- 
^um), a smaller tree with weaker, sometimes sprawling stems 
is common in wet ravines. Cascara (Rhamnus Purshiana) is 
a small tree abundant in moist places. Willows, especially 
the Scouler willow (8 alix Scouleriana) , and a flowering dog- 
wood (Cornus Nuttallii) frequently occur, and cherry 
(Prunus einarginata) is common in the more open places. 

One broad-leaf evergreen tree, the madrona (Arbutus 
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Menziedi), is common on bluffs along lakes and seashores 
and also occurs with other trees in the forest where drainage 
is good. Evergreen shrubs are abundant. Salal {Gaul- 
theria shaUon)j Oregon grape {Berberis nervosa) , and a 
huckleberry {Vaccinium ovaium) are among the commonest 
ones and a large rhododendron {Rhododeridron calif ornioiim) 
(Fig. 140) is abundant in some places. 

A considerable number of deciduous shrubs are also found. 
The hazel (Corylus calif orniea) makes a vigorous growth, often 
reaching a height of 25 feet or more. The Indian plum 
(Osmaronia cerasiformis) is a smaller shrub, flowering in very 
early spring. The red huckleberry is mostly deciduous 
though the young plants and occasionally portions of the 
older ones are evergreen. Berry-bearing bushes of two 
genersi {R^lbus and Ribes), such as salmon-berry, thimble- 
berry, blackcap, stink-currant, red-flowered currant, and 
gooseberries are common. 

Ferns are abundant. The common brake (Pteridium 
aquilinum) (Fig. 113) frequently reaches a height of 8 feet 
in rich forests and the sword fern {Polystichum munitum) 
(Fig. 150), is also large, especially in moist places. The 
licorice fern {Polypodium ocddentale) is abundant in the 
dense growth of mosses and leafy liverworts on trees and 
rocks. The maidenhair {Adiantum pedatum) flourishes on 
moist banks, and other ferns, are common in swampy places. 

Herbs are abundant on the forest floor, A large trillium 
( Trillium ovatum) flourishes in eary spring, and a small orchid 
{Calypso bulbosa) is also found. The rattlesnake plantain 
is found in moist places and its leaves in the form of a rosette 
persist through the winter. Among the other herbs are 
youth-on-age {Tolmiea Menziesii), the fringed cup {Tellima 
grandifiora) , the twisted stalk {Streptopus) , the false Solomon’s 
seal {Smilacina) the wild lily-of-the-valley {TJnifolimn) 
and wild ginger (Asarum caudatum). A striking feature of 
this herbaceous vegetation is its tendency to remain green 
all winter. 

Lichens and mosses are abundant on trees, rocks and soil, 
and leafy liverworts (mainly Par^Ma) (Fig. 108) form dense 
growths on trunks and branches of trees in moist ravines. 
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The decaying trunks of fallen trees frequently support a 
varied flora. Hemlock seedlings are abundant on them along 
with mosses, fungi, lichens, and other plants. Mushrooms 
develop in. the decaying matter on the soil when conditions 
of temperature and moisture are favorable, especially in 
spring and autumn. Large bracket fungi are conspicuous 
on many of the conifers. 


DESERTS. 

Desert communities develop in regions of low rainfall and 
high evaporation. Two striking examples are the vegeta- 
tion in the vicinity of Great Salt Lake in Utah and that in 
the vicinity of Tucson in southern Arizona. In the Utah 
desert the .soil has a high salt content, and it is known as an 
alkali region. The rainfall is fairly well distributed through 
the year, though there is a spring maximum and a secondary 
winter maximum. This community contains practically no 
succulent plants. The Arizona desert differs from this in 
certain particulars. Salt is not a limiting factor. The 
rainfall is more seasonal with a pronounced summer maximum 
and a winter maximum at least equal to the spring maximum 
of the Utah desert. Succulent plants are abundant. 

The plant community in the vicinity of Great Salt Lake 
is dominated by low shrubs, which give the aspect to the 
landscape. Only two or three species of cactus are found, 
and these not in large numbers. The community consists of 
little else than xeric shrubs and low annuals. Southwest of 
the area just described is an area about 100 miles by 50 miles, 
where the soil contains so much alkali that it supports no 
seed plants at all. Sage-brush dominates the whole of the 
Great Basin in non-alkaline soils. The Great Basin includes 
considerable portions of eastern Washington and Oregon, 
some portions of Idaho, and most of Utah and Ne’^ada. 

The Salt Lake desert described above is at an elevation 
of approximately 4000 feet. The mean annual temperature 
at Salt Lake City is 5U F. The average rainfaU approxi- 
mates 16 inches, over one-third of which falls in March, 
April, and May. The precipitation from October to Feb- 
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ruary is fairly uniform, with a slight maximum in November. 
The “dry” season runs from June to September inclusive 
and has less than one-eighth of the total rainfall. The 
rainfall at St. George in the southwestern part of the state 



Fig. 151. — Desert vegetation in a canyon in the Santa Catalina Mountains 
near Tucson, Ariz. The large-branched cacti are the giant cactus {Carnegia 
gigantea). The small cactus near the man is Echinocactus wulizeni. The 
shrubby-looking plants are Encelia farinosa. (Photograph by Forrest 
Shreve.) 

Large cacti and scattered shrubs give the aspect to the 
landscape in the desert of southern Arizona (Fig. 151). 
The giant cactus sometimes reaches a height of 30 feet, and 
others are conspicuous by their size. Among the xeric 
characters of these cacti are their thick, fleshy, practically 
leafless stems with a large amount of water-storage tissue, 
and their large root systems spreading close to the surface 
of the soil. The creosote-bush (£awa iridentata) is a resin- 
ous shrub with a strong odor of creosote. Its leaves have 
such a heavy protective coat of waxy material that they 
almost appear to have been varnished. The production of 




DESERTS 


379 


leaves begins in February and they are retained during the 
greater part of the year. Another abundant shrub is 
Encelia farinosa (Fig. 151) whose yellow blossoms furnish 
the most striking color of this desert during late winter. 
Yuccas and agaves are common. Among their xeric char- 
acters are thickened leaves and short stems, containing 
water-storage tissue. 

Many low annuals and perennials flourish during favorable 
combinations of temperature and moisture, the former 
existing as seeds and the latter as dormant underground 
organs during unfavorable periods. A few grasses flourish 
in summer and dry up, furnishing forage for grazing animals. 

This community occupies an elevated region where the 
surface is much broken, and the conditions for plant growth 
are somewhat different on mesas and slopes and in canyons. 
Varying combinations of temperature and moisture also 
make growing conditions quite different at different times 
of the year. The average rainfall is approximately 12 
inches and there are two 'Yainy’^ seasons. One of these is 
in summer, when the average rainfall for July, August, 
and September totals 5 or 6 inches, and the other in winter 
when the average for December and January totals 2 or 3 
inches. The lowest average is in April, May, and June; the 
total for these three months being less than 1 inch with 
less than J inch in May. 

The mean maximum temperature of the air is 112° F. and 
the mean minimum lO"^ F. Freezing temperatures often 
occur during the winter nights. Remarkably favorable 
conditions for plant growth occur during the moist summer 
season, when the day temperature of the soil is up to 100° F. 
with but slight drop at night. Enormous numbers of seeds 
which have lain dormant during the unfavorable periods 
germinate at this time, and the plants grow rapidly often 
changing the whole aspect of the desert within a few days. 

Suggestions fob Further Reading. 

1. Livingston, B. B., and Slireve, F.: The Distribution of Vegeta- 
tion in the United States, as Related to Climatic Conditions, Carnegie 
Publication 284, 1921. 

2. The books listed at the end of Chapter XXVI 
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PLANT SUCCESSION. 

We often notice that plants are entering places where they 
were not found before and getting established there, and 
that plants formerly abundant are dying out. Observation 
thus indicates that plant communities are changing; that 
they are dynamic, not static. The plant communities that 
we commonly see have followed other communities and are 
the result of development. . Various plant communities 
occupy an area in the development of the vegetation from 
its beginning on bare soil, rock, or water to the time when 
further developmental changes are impossible on account of 
the climate. A community that has reached this stage is 
called a climax community, and the developmental changes 
leading up to it constitute plant succession. 

Plant succession is brought about by definite factors, and 
these may be grouped as physiographic, climatic, and biotic. 
It would be impossible within the limits of this book to discuss 
all of the factors under each of these heads, but a few illustra- 
tions will make clear the nature of these factors and the way 
in which they act on plant communities. Any one of them 
may produce a bare area (land or water) or may modify the 
community occupying an area, or two or more factors may 
act together in bringing about such a result. 

PHYSIOGRAPHIC FACTORS. 

Among the physiographic factors that are readily observed 
are erosion and deposit. Streams commonly cut into their 
banks in some places and deposit the material thus removed 
in other places. Sand-bars, gravel-bars, and islands are thus 
built up and on these areas new plant communities start. 
Lava flows from volcanoes cover areas near by and volcanic 
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ash carried by wind covers larger areas (Fig. 152) . Sand is 
commonly moved by wind (Fig. 146), and in all of these cases 
new plant communities sooner or later start on the bare area 
created. Destruction of forests by rock slides in mountain 
regions is not uncommon and here the slow development of 
plant communities begins again. 


Fig, 152. —Ten inches of volcanic ash near Kodiak, Alaska. A portion 
of this was removed to expose the old soil with its buried vegetation. A 
plant of field horsetail is growing in the volcanic ash. The ash came from 
the eruption of Mt. Katmai in the summer of 1912. (Photograph by S. M. 
Zeller taken during the summer of 1913.) 


CLIMATIC FACTORS. 


Climatic factors may destroy or greatly modify plant 
communities. Among these are snow slides, wind, and fires 
caused by lightning. Snow slides in mountain regions are 
common and where they occur year after year they give a 
definite character to the plant community occupying the 
area. Wind often almost completely destroys portions of a 
forest, and forest fires caused by lightning have often been 
very destructive. Constant watchfulness on the part of 
forest officials is now maintained in order to locate such fires 
promptly and extinguish them. 



the level of streams and lakes and brings about new condi- 
tions for the development of plant communities. He cuts 
the forest, breaks the prairie, strips off the soil in getting out 
shallow deposits of coal and stone, makes cuts and fills in 
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Man’s activities are prominent among the biotic factors. 
He drains lakes and marshes and thus creates bare areas or 
modifies plant communities. By means of dams he raises 


Fig. 153.— Volcanic ash in a spmce forest near Kodiak, Alaska. The 
ground vegetation is naostly buried and the lower branches of the trees are 
borne down by the ash. (Photograph by S. M. Zeller, a year after the 
eruption.) (See Fig. 152.) 
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building roads, and plants and cares for such vegetation as 
he desires, and in all of these activities he either destroys or 
greatly modifies plant cornniunities. 

THE ACTIVITIES OF ANIMALS. 

Among the activities of animals the work of beavers and 
burrowing animals may be mentioned. Streams are dammed 
by beavers and the resulting changes in the level of the 
streams and often of the lakes from which they come cause 
new conditions for plants. The aeration of soil by worms and 
large burrowing animals and the bringing of subsoil to the 
surface make great changes in the conditions for plant 
growth. 

PLANTS AS BIOTIC FACTORS. 

A third group of biotic factors is the activities of the plants 
themselves. These may be grouped under invasion, compe- 
tition, and reaction. Invasion involves migration and 
getting started in the new area. The means of migration 
are mainly wind, water, and the activities of animals, though 
plants may get into new places slowly by the growth of their 
vegetative parts from one small community to an adjacent 
one. The invasion is of course not successful unless the plant 
can grow in the new area. Tree seeds blown onto the surface 
of water or bare rock do not result in successful invasion, 
while those deposited on soil may do so. 

When a plant enters a new community competition for 
space, water, nutrients and light begins, and the characters 
of the invader and of the plants already there determine the 
success or failure of the competition. Many seeds that are 
capable of germination in a forest do not produce successful 
plants because of the dense shade, and other factors fre- 
quently limit the success of invaders. 

If, however, the invasion is successful the invaders them- 
selves show reactions that influence favorably or unfavorably 
the success of new invaders. Prominent among such reac- 
tions are the accumulation of organic matter and the creation 
of shade. The accumulation of leaves and other plant parts 
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may produce a substratum in which saprophytes will grow, 
or, by decay, changes in water-holding capacity and other 
physical properties of the soil may be brought about and 
the growth of soil organisms may be increased. As the 
invaders grow they may shade other plants and thus bring 
about conditions favorable to some and unfavorable to 
others. 

EXAMPLES OF SUCCESSION. 

The establishment of new plant communities is readily 
observed on bare areas of soil created by grading operations. 
Among the factors which will determine the constituents of 
such a community will be the character of the soil, the rainfall 
and other climatic features of the region, and the seeds that 
are in the soil or brought to it by wind or other agencies. 
Weeds frequently form a large part of the first community 
on such an area, though in many cases an almost pure stand 
of tree seedlings such as maple, cottonwood or alder occurs 
where the trees are abundant in the immediate vicinity. 
Anyone who is interested may easily take a census of such a 
community. 

A quadrat (see p. 341) is often completely denuded for the 
purpose of studying succession. In other cases only certain 
plants are removed. Important ecological data are obtained 
by this experimental use of wholly or partially denuded 
quadrats. 

An interesting study of plant succession may be made 
where a muddy area has been laid bare by the lowering of 
the level of a lake. Some plants characteristic of the lake 
margin persist for a time while other plants, especially those 
whose seeds are wind-blown, come in. A striking example 
of this seen in one case was the growth of dandelions along 
with buckbeans which had survived from the lake community. 
As the years passed a swamp community became established 
at the new margin of the lake and a mesic community further 
back. 

A region recently covered with volcanic ash (Fig. 152) 
furnishes an excellent opportunity for the observation of 
plant succession. Such an opportunity was furnished by the 
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eruption of Katmai volcano in Alaska in 1912. Areas wMch 
were observed were covered with volcanic ash, varying from 
3 feet deep near the volcano to 3 inches at a more distant 
point. At a place where the ash was about a foot thick the 
spruce forest (Fig. 153) suffered little injury, but the low 
herbs were killed. A year later the land plants, other than 
trees and shrubs, were mostly lupines growing through the 
layer of ash, and field horse-tail growing on the surface 
(Fig. 152). During succeeding seasons other species estab- 
lished themselves and thus plant communities were 
reestablished. 

Floating Mats.— A striking case of plant succession is the 
formation of floating mats on lakes. Plants forming a dense 
growth of rhizomes in water are the pioneers in such com- 
munities, and two of these occurring widely in the northern 
portions of the United States, may be given as examples. 
The buckbean is a perennial herb with fairly stout rhizomes 
I inch or so thick. Its leaves and flower stalks grow from 
these rhizomes and come above the surface of the water. It 
is readily recognized by its smooth, three-foliate leaves and 
its white flowers with fringed petals. The marsh five-finger 
(Potentilla palmtre) is known as purple marshlocks in the 
northwest and bears the botanical name Comarum falustre 
in some of the floras of the region. It produces long slender 
perennial stems which root at the nodes and these grow 
forward into the water producing pinnate leaves and purple 
flowers above its surface These two plants are commonly 
associated in the formation of mats, though they are often 
found separately. Sedges {Oar ex) are early pioneers on this 
mat, and the three soon form a substratum on which a more 
varied community of hydrophytes flourishes. As the mat 
becomes old and firm a mesic community follows. Land 
whose surface is an old mat of this sort is frequently utilized 
as pastures or meadows, and in some cases even for cultivated 
crops. Cases are not uncommon where all of the stages from 
open water to a flourishing garden may be seen within half 
a mile. Many species enter into the formation of floating 
mats and the community involved is often very complex. 
Only the general character of mat formation is here indi- 
25 
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cated. Line transects and belt transects (see p. 341) furnish 
a convenient means of making a systematic study of such 
successions. 

Sphagnum Bogs.— Plant succession is very obvious in 
Sphagnum bogs. These bogs are common in northern 
United States, southern Canada, and northern Europe. A 
stage in their development which is commonly seen (Fig. 155) 
is that in which a substratum, consisting of Sphagnum moss, 
(Fig. 112) supports a dense growth of low shrubs, such as 
Labrador tea. (Ledum) and swamp laurel (Kalmia), among 
which grow the small vines of the wild cranberry (Vaccinium 
Oxy coccus) . Insectivorous plants, such as sundew ( Drosera), 
also flourish. The development of these bogs in two ways— 
on lakes and on swamps— is commonly seen. 

On lakes (Fig. 155) they form floating mats. In one type 
of development the Sphagnum follows on a mat formed by 
buckbean, marsh five-finger, and small sedges, and the other 
members of the bog community follow close behind. In 
another type of development the bog community itself moves 
forward onto the open water without the aid of other plants. 
The woody stems of the bog shrubs grow out into the water 
and curve upward at the tip so that their leaves are in air. 
Sphagnum^ sedges and sundew follow close behind, and the 
typical bog community is thus seen only a few feet from the 
open water. 

Sphagnum bogs also develop on swamps. Sphagnum is 
frequently the pioneer in such an advance, in some places 
forming at first only a sparse growth among the swamp 
plants, and in other places growing more vigorously so that 
there is a difference of a foot or more between the level of 
the surface of the moss and that of the substratum of the 
swamp into which it is advancing. Sphagnum often advances 
on swamp thickets of shrubs as well as on swamp communities 
such as those described on p. 371. Some Sphagnum is often 
found in marshes without other bog plants, but where a bog 
joins a marsh the general tendency is for the bog community 
to advance on the swamp. 

Plants of the earlier plant communities are frequently 
found growing in the bogs of the Puget Sound region. In 
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those that have advanced on lakes the water-lily {NyinjphcBa) 
is commonly found growing in the Sphagnum at a distance 
of 100 feet or more from the open water, though it is generally 
killed out as the bog beconies more mature. The rhizome 
is under the Sphagnum and the leaves and flower stalks grow 
up through an opening. This opening is finally closed by the 
growth of mosses (mainly other than Sphagnum) and the 


Fig. 154 — A Sphdgnum bog near Dixon 

trees are Pinus contorta. 


water-lily dies. Skunk cabbage {Lysichiton) (Fig. 133) is 
common in the early stages of bogs that have developed on 
swamps. It is rooted in the muck of the swamp which the 
bog has overrun and its huge leaves and flower stalks grow 
up through an opening in the Sphagnum. In later stages 
of the bog succession it is killed out in much the same way 
as the water-lily. 
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A series of forest stages (see Fig. 155) follows the mature 
stage of these bogs. This forest in the bogs of northwestern 
United States is most commonly composed of conifers, such 
as hemlock, spruce, white pine or lodge pole pine. Stages 
from seedlings up to trees 30 to 40 feet tall are commonly 
seen. Birch often forms the forest stage in bogs in regions 
where it is common in the neighboring forest. 



Fig. 155. — A Puget Sound Sphagnum bog encroaching on a small lake. 
Water lilies (Nymphoea) in the lake. Coniferous trees growing in Sphagnum. 
Forest of coniferous trees with some alders in background (on clay soil). 


Much attention has been given to the fact that the ordinary 
plants of the region, except forest trees, are not very successful 
invaders of these bogs. A study of the physiological condi- 
tions has brought out the following facts: (1) The tempera- 
ture of the substratum is lower than that of the ordinary soil 
in the immediate vicinity. (2) The water table is so high 
during much of the season that air is excluded from the 
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substratum. (3) The gases dissolved in the soil water show 
a high proportion of carbon dioxide and a low proportion of 
oxygen. (4) The soil water has rather high acidity (pH 3.5 
to 5.5). To what extent these or other factors operate, 
which one of them may be the limiting factor, or whether 
some other factor may be the limiting one has not been fully 
determined. 

Much attention has also been given to the fact that such 
shrubs as Labrador tea, swamp laurel, and some others 
common in bogs show structures that are usually considered 
xeric. Labrador tea has inrolled leaves with stomates on 
the lower surface only, and this surface is covered with a 
dense woolly growth of hairs. In addition to this the stomates 
are sunken beneath the surface of the epidermis. The 
substratum is wet, and xeric characters in the leaves of plants 
growing in it do not seem natural. In several cases either 
the bog shrubs or species and varieties closely related to 
them are also found in cold northern regions and on moun- 
tains in the northern portion of the temperate zone. A view 
commonly held is that xeric structure in these plants was 
correlated with the physiologically dry conditions of a cold 
region, and that on the retreat of the glaciers and the coming 
of warmer conditions they found their most congenial habitat 
in the bogs. 

By sampling the peat under these bogs much has been 
learned about the plant successions of long ago (Fig. 156). 
The organic matter in many of them is from 10 to 20 feet 
deep and in one case it was found to be 43 feet. In many of 
these bogs the peat formed by Sphagnum is only 2 or 3 feet 
deep, rarely more than 4. Sedge peat is commonly found 
underneath this and layers of sedge peat may alternate with 
layers of woody peat or of material consisting mainly of mud. 
The deeper layers of many of these peat deposits are sedi- 
mentary and consist of very finely divided organic matter 
that has evidently been deposited from quiet water. All of 
the layers of peat in these bogs (Fig. 156) tell their story of 
the succession of lake, forest, or swamp communities that 
have occupied the area or of the inflow of muddy water due 
to physiographic or climatic factors. 




Fig. 156. — Section of a Puget Sound Sphagnu7n bog. 

A. Surface layer oi Sphagnum teres peat (2 feet thick) containing root 
systems of present flora, notably Labrador tea (JDedww), pale laurel (iCaZmm) 
and cranberry (Vaccinium) and also many old leaves of these plants. 

B. Layer of brownish-black mud (6 inches thick) in which the skunk 
cabbage plant is growing. 

C. hayev oi Sphagnum palustre {S inchm ihiok) containing an abund- 

ance of leaves of cranberry with some leaves of hemlock, pale laurel, and 
grasses, and twigs of cedar pZ^’cato) . 

D. Layer of forest peat (3 feet thick) , consisting of wood detritus and bark 
mixed with leaves, twigs, and cones of cedar; leaves and twigs of hemlock; 
leaves of Labrador tea, pale laurel, salal (Gaultheria), and grasses; seed 
wings of western white pine; and whole plants of a moss {Camptothecium 
sylvaticum). One large stump fn- sfZw was found. 

E. Layer of sedge {Garex) peat (almost 5 feet thick), highly moldered 
below, with leaves of pale laurel and Labrador tea, an abundance of a true 
moss (Hypnum gigantium) , and sparse Sphagnum. 

F. Clay. 

(r. Thin layer of peat around the opening, formed from mosses other than i 

Sphagnum. (From Turesson, Am, Jour. Bot., 189, voL 4.) 




EXAMPLES OF SUCCESSION 


391 


often constituting 90 per cent of the forest, its seedlings are 
rarely seen on the forest floor. Hemlock seedlings are abun- 
dant in the humus of the soil and on fallen logs. This abun- 
dance of hemlock seedlings and scarcity of fir seedlings is 
apparently due to difference in their relation to organic 
matter and light. Hemlock seeds germinate well in organic 
matter and the seedlings grow well in it. They are also toler- 
ant of shade. Douglas fir seedlings, on tire other hand, 
germinate best in mineral soil such as clay, and their seedlings 
do best in it. They are also very intolerant of shade. The 
situation described indicates that a succession of hemlock 
would eventually follow the fir forest as it decays, and would 
dominate the climax community if Nature were left to its 
course. 

General Tendencies of Succession. — In general the tendency of 
succession is toward the most mesic association that the 
climate will allow. This may be illustrated by considering 
the succession on bare rock and the succession on open 
water, both finally producing a forest climax. On bare rock 
crustose lichens first appear, and these are followed by 
foliose lichens. The next stage is commonly mosses, and this 
is followed by the herb stage. The shrub stage follows this 
and eventually gives place to a forest succession. All of the 
stages from bare rock to a decidtious forest have been 
carefully worked out, and the plants forming each succession 
are well known. 

On open water the first stage may be submerged plants 
followed by a succession of water-lilies and other plants that 
send some of their parts above the surface of the water. 
This may be followed by a stage in which sedges and rushes 
are dominant. Trees growing in wet places (willows, cotton- 
woods, and alders) follow, and they are commonly followed 
by a community dominated by ash and other trees that 
flourish in moist soil. Other forest successions follow, lead- 
ing to a climax forest dominated by deciduous trees. 

Suggestions FOR Further Reading. 

1. The books listed at the end of Chapter XXVI, 

2. Davidson, J. Conifers, Junipers and Yew: Gymnosperms of 
British Columbia. 
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SOME GENERAL PHASES OF BOTANY. 


CHAPTER XXX. 

BOTANY IN RELATION TO OTHER FIELDS OF 
KNOWLEDGE. 

Botany overlaps many other fields of knowledge. In 
some cases it has subject matter in common with these fields, 
in some cases it has concepts in common, and in other cases 
it has methods in common. In many cases it profits by the 
advance of knowledge in other fields and by the criticism 
of workers in these fields. Botany has now become such a 
complex science that it is necessary for those who are con- 
tributing to its advance to have a general understanding of 
at least some of the fields on which it borders or overlaps, 
and even those who are seeking only a general understanding 
of the part that plants play in the environment of man will 
profit by some acquaintance with its relation to other fields 
of human understanding. In the following discussion there 
is no attempt to cover all of these points of contact. The 
intention is merely to cite some illustrations, and many 
others will, no doubt, occur to the reader. 

BOTANY AND ZOOLOGY. 

Botany has very definite relations to other natural sciences, 
such as zoology, chemistry, physics, geology, and mathe- 
matics. Among the points that botany and zoology have 
in common are: (1) that both deal with living things composed 
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of cells ; (2) that the boundary line between plants and 
animals is not a definite one; (3) that they both deal with 
many of the same concepts; (4) that plants and animals 
have several functions in common; (5) that many of the 
methods of study and investigation in the two fields are 
similar; (6) that the divisions of the two subjects are strik- 
ingly alike; and (7) that plants and animals together form 
the subject matter of some rather specialized sciences. i 

The fact that these two sciences both deal with living 
things leads the botanist and the zoologist to be mutually 
helpful in bringing out the nature of living matter and the 
differences between it and non-living matter. One of the 
great advances in biology was the generalization brought 
out about a hundred years ago, that all plants and all animals 
are alike in that they are composed of cells. Both sciences 
have in common the as yet unsolved problem of the origin i 

of life. 

The boundary line between plants and animals is so 
indefinite that the same organisms are frequently studied in 
both botany and zoology. As a matter of fact, there are 
really no definite characters that can be taken as absolute 
distinctions between the two kingdoms. The important 
thing is to understand these border-line organisms rather 
than to attempt to assign them definitely to either kingdom. 

One of the most interesting of these groups of organisms is 
the slime molds (Myxomycetes) (see p. 172), in which every 
individual exists during its life history in two phases: one ' 

strikingly animal-like and the other strikingly plant-like. 

The first phase is a mass of slimy protoplasm (Pig. 70) grow- 
ing on decaying wood and other objects in moist, rather 
dark places, and showing no plant characters whatever; the 
second (Fig. 71) is a fruiting phase in which the erect stalks 
are produced with cases of spores at the top, these spores 
reproducing the slimy stage. This second stage shows very 
definite plant characters. ^ ^ ^ 

Another group is the flagellates (see p, 174). These are 
one-celled organisms (Fig. 72), living in water and moving 
about by means of whip4ike processes, called flagella. 

Many, though not all, of these organisms are green and thus v 
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suggest plants. This does not, however, furnish a definite 
basis for deciding that they are plants, for many rather 
simple organisms with unmistakable animal characters are 
P’een. The locomotion of the flagellates by means of flagella 
is often thought of as an animal character, but this means of 
locomotion is found in some plants, such as the bacteria. 
The flagellates reproduce by division of the mature organism 
into two new individuals, and this method of reproduction 
is common in one-celled organisms, both plant and animal. 
A red spot sensitive to light is found in each individual in 
many species. This is called the eye-spot, and is usually 
thought of as suggesting that the organisms are animals. 
This spot does not, of course, form any image of objects, 
hence has little in common with animal eyes, and fairly 
definite regions responding to the stimulus of light are 
common in plants. There are several other groups of 
organisms on the border-line between plants and animals, 
but these two groups are sufficient to illustrate the subject. 

Among the concepts that botany and zoology have in 
common are organism, organ, function, and cell. An under- 
standing of these concepts is best obtained by considering 
examples from both kingdoms. Some understanding of 
what an organism is is necessary in order to appreciate 
man’s place in Nature. Both plants and animals are 
organisms, though the plant organism is in general somewhat 
simpler than the animal organism. Both plants and animals 
that show differentiation of parts have organs, and the cells 
composing these organs are more or less differentiated. 

Among the functions that plants and animals have in 
common are digestion and respiration. Higher animals have 
specialized organs with which they perform these functions, 
while even the highest plants lack special organs for them, 
and in most cases perform them by means of cells, which also 
serve other functions. In one-celled animals and one-celled 
plants the performance of these functions is strikingly similar. 

Among the methods of study common to botany and 
zoology are the use of the microscope and of the technique 
of preparing material for microscopic examination. Both 
sciences have advanced with the perfection of the compound 
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microscope and of microscopic technique. The use of 
observation and experiment (see p. 404) is also similar in the 
two sciences in many cases. 

Several of the fields of study within each of these two 
sciences have received the same names and are in general 
quite similar. Taxony, morphology, physiology, and ecology 
are divisions of both botany and zoology, and the study of 
any one of these in the plant kingdom has much in common 
with its study in the animal kingdom. 

Both plants and animals cause diseases of many plants 
as well as of animals, including man. The smaller ones of 
these causative organisms are grouped together as micro- 
organisms, and form the basis of the study of both plant and 
animal pathology. There are also many animals and some 
plants that are large enough to be seen with the unaided eye 
that cause pathological conditions of both plants and animals. 
The study of genetics (see p. 318), which consists in finding 
out the facts about the inheritance of characteristics, forming 
concepts on the basis of these and attempting to formulate 
laws in regard to the facts and concepts is now commonly 
carried on with both plant and animal material. 

BOTANY AND CHEMISTRY. 

The relation between botany and chemistry is a very 
close one. Among the important points in this relationship 
are: (1) that many plant processes involve chemical reactions 
in the plants; (2) that qualitative and quantitative analysis 
of plant organs and tissues constitute an important means of 
increasing our knowledge of plant functions (see p. 143); 
(3) that physical chemistry, especially the chemistry of 
colloids, contributes much to our understanding of the nature 
of theprotoplasm of plant cells; (4) that historically, chemical 
discoveries have in many cases led to important advances in 
our knowledge of the life processes of plants; (5) that in some 
instances botanists have through their study of plant func- 
tions contributed important data to chemistry. 

Photosynthesis (see p. 142) is an excellent example of the 
life processes of plants that involve chemical reactions. 
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This process consists in the union of carbon dioxide and water 
in the presence of light and chlorophyll to form carbohydrate 
foods, such as starches and sugars. The study of this 
process involves not only a knowledge of the conditions in 
the living green cells of the plant, but also a knowledge of 
the chemical reactions that constitute the various steps in 
this process. These steps are imperfectly understood at 
present, and botany and chemistry must go hand in hand in 
further progress. A general knowledge of photosynthesis 
may be gained without any very great amount of chemical 
knowledge, but a thorough understanding of our present 
knowledge of the process necessitates a knowledge of both 
inorganic and organic chemistry. In order to understand 
the manufacture by the plant of sugars from carbon dioxide 
and water it is necessary to know just what sugars are present 
in green leaves, and it is highly desirable to know exactly 
what quantities of the various sugars are present. Courses 
in tissue analysis have become an important part of the 
training of plant physiologists. 

Respiration, which consists in the breaking down of 
organic foods, such as sugars, with the release of energy, is 
another plant process involving chemical reactions. Diges- 
tion likewise involves chemical processes, since it consists 
in so changing the molecular constitution of foods that they 
are transformed from an insoluble state to a soluble state, 
and from a state in which they cannot diffuse from cell to 
cell to one in which they can diffuse. Still another illustra- 
tion is the entrance of water into the living cells of the plant, 
a process which involves osmosis, a physico-chemical process. 

The number of books that have appeared in recent years 
on physical chemistry in relation to biology indicates the 
importance of this field. Since we have come to think of 
protoplasm in terms of the concepts of colloid chemistry, and 
of the cell in terms of a physical system, we have been able 
to unify much of our knowledge of protoplasm and of cell 
activity which formerly consisted of isolated facts. 

The impetus given to the study of photosynthesis by the 
work of the German chemist, Willstaetter, since on 

the chemistry of chlorophyll and its accompanying yellow 
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pigments is well known. The contributions of Pfeffer and 
of De Vries to our knowledge of osmosis are examples of the 
contributions of botanists to chemistry. 

Chemistry is not absolutely necessary for the study of all 
phases of botany. Taxonomy and morphology may be 
studied without much reference to it. Chemistry, is, how- 
ever, highly desirable as a background for general botany 
and is necessary for physiology and ecology, and for at least 
some phases of pathology and genetics. 

BOTANY AND PHYSICS. 

Physics has many important relations to botany. Many 
of the functions carried on by plants involve processes whose 
understanding is based on physics. The process of the 
entrance of water from the soil into the cell walls of roots is 
called imbibition and is a physical process. The movement 
of water in the soil toward the roots of the plant involves 
capillarity and surface forces, and these are also physical. 
Physical principles are involved in the rise of water in tall 
plants, such as trees. 

The study of photosynthesis involves the measurement of 
the intensity and wave length of light, and these are physical 
measurements. The knowledge of the absorption spectrum 
of chlorophyll (Fig. 68) is also fundamental in the study of 
photosynthesis, and this is physical knowledge. A knowl- 
edge of the cooling effect of the evaporation of liquids is 
important in the understanding of transpiration in plants 
(see p. 140). This is also physical. Physics has also con- 
tributed to the perfection of the compound microscope and 
its accessories, and this in turn has contributed a good deal 
to the progress of botany. 

Chemistry and physics together have contributed much 
to advances in plant physiology and ecology. 

BOTANY AND GEOLOGY. 

The field of geology overlaps that of botany in several 
places, among which are: (1) paleobotany; (2)' the origin 
and nature of soils; (3) physiographic changes in the earth's 
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surface. Fossil plants are found in geologic strata, and 
the investigation of these involves a knowledge of both 
geology and botany. Some of these fossil species do not 
now exist as living species, and a study of the fossil remains 
of these has bridged over some gaps in our knowledge of 
the morphology and evolution of plants, e. g., the gap 
between the ferns and the seed plants (see p. 290) . A knowl- 
edge of plant fossils along with the knowledge of animal fossils 
is also the basis of much advance in geological knowledge. 

Plants grow in soils, and these soils originate largely from 
disintegration of the rocks composing the surface of the 
earth. Some knowledge of geology aids much in an under- 
standing of soils. Plants also influence the formation, of 
soils by the breaking and solution of rocks. 

Physiographic changes in the earth's surface, both those 
observable in progress at the present time and those that 
took place long ago, are correlated with changes in the 
plant communities occupying various areas (see p. 349). A 
knowledge of these changes helps much in the understanding 
of changes that occur in the plant societies occupying any 
given area, and an understanding of plant societies and their 
relation to environmental factors is also beginning to con- 
tribute to the advance of historical geology. Paleoecology 
is now recognized as a subscience involving both botany 
and geology and is already engaging the attention of trained 
workers. The progress of certain phases of botany as well 
as of geology will depend in the future on persons trained 
in both jBelds, and the interrelation of the two subjects is 
thus very important. 

BOTANY AND MATHEMATICS. 

Recent years have seen much advance in the appreciation 
of the relation of mathematics to botany. Statistical 
methods developed by mathematicians are necessary to the 
interpretation of many of our botanical data. Mutual 
criticism of these methods and of their application to botani- 
cal problems by both botanists and mathematicians has 
contributed to the perfection of the methods and their 
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applications. The careful arrangement and tabulation of 
our data are good and constitute a great advance over merely 
stating them in sentences, but we express them still more 
briefly and effectively in curves. Where our knowledge is 
sufficiently exact, the use of mathematical formulas is 
becoming common. 

We do not mean that extended courses in all of these 
sciences are necessary before taking a general course in 
botany, for that would for most persons preclude ever taking 
a course in botany. We do mean that the work of the 
specialists in these sciences has contributed much to an 
understanding of botany, and that some appreciation of the 
general situation is important for an understanding of botany 
and of its contributions to the understanding and enjoyment 
of our environment. 

BOTANY AND THE SOCIAL SCIENCES. 

Among the social sciences whose relation to botany is 
obvious are sociology, economics, and history. Some of 
the points that botany and sociology have in common are: 
(1) that both plants and human beings are influenced by their 
environment and that the environment is in both cases com- 
posed of many factors; (2) that both plants and human beings 
form groups or communities related to their environment; 
and (3) that many of the principles of the formation of these 
communities and of their relation to the environment are 
common to plant communities and human communities. 
The recent rise of the science of human ecology is the result 
of the recognition of these points. 

In the relation of economics to botany two points are 
evident: (1) Plants furnish many materials that enter into 
commerce. This phase of economics is of interest to botan- 
ists, and at least some general knowledge of the principles 
of plant production is desirable for the economist. (2) 
Advance in botanical knowledge often changes economic 
situations, and conversely, changes in economic conditions 
often stimulate advances in botanical knowledge. Some 
acquaintance with the overlapping field of these two sciences 
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will often enable both the botanist and the economist to look 
forward with cleai'er vision. 

The historical vie\vpomt is important in understanding 
the present status of botany, and a knowledge of history is 
essential to this viewpoint. 

BOTANY AND APPLIED SCIENCES. 

Among the applied sciences in which botany plays a part 
are medicine, pharmacy, bacteriology, agriculture, horti- 
culture, forestry, and fisheries. As any phase of botany 
becomes economically important and develops highly special- 
ized methods, it tends naturally to split off and become a 
separate science, the botanical phases of which are some- 
what overshadowed by the economic phases and the special- 
ized methods. This has many advantages, but it leaves a 
border-line between botany and these other fields which 
should be the subject of careful study lest, to use an agri- 
cultural figure, we cultivate the separate fields carefully but 
allow the fence rows between them to grow up with noxious 
weeds. 

Medicine and pharmacy may be considered together. The 
use of plants and their products in the treatment of diseases 
and injuries has engaged a portion of the attention of the 
human race for many centuries. At the present time about 
300 official drugs in the United States are of plant origin 
and many unofficial drugs of plant origin are in common use. 
In recent years we have come to depend more and more on 
the cultivation of drug plants and less on the mere gathering 
of wild plants and a knowledge of the botany of drug plants 
has thus become very important. 

Bacteriology is concerned with microorganisms (see p. 210), 
a very large number of which are plants. Some of the 
important phases of this science are the causation of the 
diseases of man and other animals, the relation of soil organ- 
isms to the growth of crops, and the part played by micro- 
organisms in industrial processes. There i a very 

important border-line between botany as a pure science and 
bacteriology as an applied science, though it is perhaps better 
26 
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to emphasize the relation to biology in general than to 
botany in particular. This overlapping field is engaging the 
attention of both bacteriologists and biologists. 

Agriculture may be considered as an art to which many 
sciences contribute. Since it has much to do with the 
growth and qualities of plants, a knowledge of plant physi- 
ology, ecology, and genetics is very important in it, and 
taxonomy and morphology also make their contributions. 
Much the same statement applies to horticulture, with such 
specialized phases of botany as vegetative propagation by 
budding and grafting and by the use of cuttings assuming 
great importance. Botany also contributes much to the safe 
storage of fruits and vegetables and to artificial means of 
hastening their ripening. 

Forestry has in recent years become a very important and 
highly specialized field of applied science, some of the phases 
of which, such as logging engineering, have little to do with 
botany, while others, such as silviculture, are closely con- 
nected with plant physiology, ecology, pathology, and other 
phases of botany. 

In the field of fisheries a knowledge of the biological rela- 
tionships between plants and animals in both fresh and salt 
water is very important. Diatoms and other microscopic 
plants constitute an important direct or indirect source of 
food for fish and other aquatic animals that are used for 
human food. Some algse and even some higher plants are 
eaten by some fish. Submerged vegetation furnishes a place 
of resort for aquatic animals, and in many cases the eggs of 
these animals are deposited on plants. Plants under water 
in sunlight are also an important source of oxygen for the 
aquatic animals. 

BOTANY AND PHILOSOPHY, LITEEATURE, AND 
ART. 'V 

Some other fields of knowledge to which botany has more 
or less definite relations are philosophy, literature, and art. 
The philosophical attitude is important in all scientific work 
in so far as it leads to critical examination of data and of the 
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methods of reasoning used in dealing with them, and to the 
formulation of hypotheses which may be tested out by 
observations and experiment. In literature biological con- 
cepts and generalizations about both plants and animals are 
commonly used, and it is important that these be used 
understandingly and not as mere words. 

The relation between biology and art is a little more 
difScult to state in an exact way, but its existence is com- 
monly recognized. Some knowledge of the form and struc- 
ture of both plants and animals is desirable in sculpture and 
painting. Scientific and artistic systems embody the same 
fundamental principles of the relation of living things to their 
surroundings. The pleasure of the biologist in establishing 
the interrelationships of the facts and concepts of his science 
is closely akin to the pleasure of the artist in the successful 
creation of a picture, a statue or a symphony. Certain 
phases of biology and certain phases of art employ the same 
general principles, and a person who enjoys art will also 
enjoy certain phases of biology if they are presented in such 
a way as to bring out relationships. 


CHAPTER XXXL 


THE GROWTH OF BOTANY AS A SCIENCE, 

THE METHOD USED. 

Botany, like other sciences, has been brought to its 
present state by the use of what w^e call scientific method. 
This consists essentially in acquiring facts and drawing 
conclusions from them. We have acquired our facts by 
observation and experiment. Historically, observation came 
first, and for a long time there was little use of experiment. 
We use this same sequence in acquiring facts about plants 
at present; we first observe what sort of plant or organ w^'e 
are dealing with and also any other facts that bear on the case, 
then if these facts are not sufficient basis for an inference or 
conclusion, we plan experiments to give us more facts. Often 
observation gives us sufficient facts, and experiment is 
unnecessary, though there is a growing tendency toward 
experimentation wherever possible. 

Scientific method came into use about 1700. The thinking 
of the Greeks was strict and logical, but they did not develop 
to any great extent the habit of patient and minute observa- 
tion. During the early part of the Middle Ages man^s chief 
concern with Nature was the business of wresting a living 
from it. But with the accumulation of wealth, the rise of 
the universities, the growth of leisure, and the invention of 
printing there gradually developed the habit of bold t hinking 
based on well-established facts, and scientific method was 
the result. 

The Acquisition of Facts About Plants,— By observatiori we 
find out about the parts of plants and the varieties of form 
and structure shown by these parts. We see that plants are 
composed of organs, and learn about the form and external 
characters of these organs By tearing them to pieces and 
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by cutting sections of them we find that they are made up of 
various tissues. the use of the microscope we learn that 
these tissues are composed of cells, and observe how these 
cells are associated in the tissues. We observe the visible 
parts of the cells, and by methods recently devised we may 
even dissect the cells and observe more about the nature of 
their parts. These facts all come by observation, whether 
we use the unaided eye or whether we use a hand lens or a 
compound microscope as an aid. 

We also observe many facts about the behavior of plants 
and their relation to their environment. We see that many 
trees and shrubs lose their leaves in autumn, while others do 
not; that plants wilt and finally die when not supplied with 
water; that many plants turn their tips toward light; that 
some plants flourish better in full sunlight, while others do 
better in shade; and that plants under a box or a board on 
the lawn do not become green. Many of these relations to 
environment may be made the subject of experiment, but' 
they are often observed where no special conditions have 
been intentionally created. 

By observation we readily acquire a considerable stock of 
facts about the gross and microscopic anatomy of plants and 
about their behavior and relation to their environment. 

Exj^eriment is a very interesting means of acquiring facts 
about plants. An experiment may be defined as a question 
put to Nature, and we put the question by creating a certain 
condition and observing what response we get as a result of 
this special condition. We grow seedlings in the dark and 
find that they do not become green, or we put a green plant 
in darkness and find that it eventually loses its green color, 
and we find by tests that it does not form starch even during 
the time that it retains its green color. If we fill a bottle 
with dry beans and place it in water we find that in the 
course of a few hours the beans take up water and swell so 
that they break the bottle. We may readily experiment on 
plant cells under the microscope by mounting one moss leaf 
in water and another from the same plant in a salt solution. 
It is found that in the first leaf the soft part of each cell 
completely fills the space within the wall and the chloroplasts 
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are distributed through the whole space, while in the second, 
the soft part of the cell draws away from the wall and the 
chloroplasts are thus crowded together. 

It is often desirable to run a control for an experiment in 
order to be sure that the result that we perceive is due to the 
special condition that we create. A control for the experi- 
ment in which we grow seedlings in the dark would be 
arranged by growing seedlings from other seeds of the same 
lot under conditions similar in every vray except that they 
are in light instead of darkness. If we find that the seedlings 
are green when grown in light and not green when grown in 
the dark we have a definite fact about the relation between 
light and green color in seedlings from this particular lot of 
seeds. In the experiment on the moss leaves the one mounted 
in water is a control for the one in salt solution, and we have 
definite information about the difference between the behav- 
ior of the cells of leaves from this particular moss in water 
and in salt solution. We might acquire this information 
about one leaf by mounting it in water, then placing a drop 
of salt solution at the edge of the cover-glass and observing 
the effect on the cells as the salt diffuses through the water. 
Controls for the other experiments mentioned may be readily 
devised. A control for an experiment is arranged by dupli- 
cating all of the conditions of the experiment except one. 
Some experiments may be of such a nature that the facts 
are obvious without a control, but where there is room for 
doubt the control should be run. Control observations are 
often just as necessary as control experiments. 

The first step, then, that we make in getting acquainted 
with plants is the acquisition of facts, and these facts are 
acquired by observation and experiment. Observation is, 
of course, used in getting the results of experiments, and 
though observation may be used alone, the two methods of 
getting facts frequently go hand in hand. Observation may 
be sufficient to give us the facts in some cases, while in others 
it may give us facts that lead us to perform experiments in 
order to understand the situation more fully. 

The Making of Generalizations. —Having acquired a stock 
of facts about plants by observation and experiment, we 
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begin to attempt inferences or conclusions from them, and 
thus start on the process of making the broad generalizations 
that mark the advanced stages of any science. Before 
attempting generalizations about any phase of our knowledge 
of plants it is advantageous to sift out the available facts, 
rejecting those that do not apply to the case in hand, then to 
arrange the sifted facts systematically so that we may most 
readily see their meaning. Tabulation is always a useful 
method of arranging facts for this purpose, and in many 
cases, such as studies of the functions of plants, the plotting 
of curves is desirable. When we thus have many data 
bearing on some one point we make an inference or formulate 
a theory. We then examine the facts again to see if they 
all support the inference or fit into the theory. If they do 
not, we repeat the observations and experiments, either 
verifying the facts or showing that they are not facts. We 
may thus need to modify the inference or theory until we 
get one that fits all of the facts, and we hold ourselves ready 
to modify the theory at any time if new facts inconsistent 
with the theory are verified. The progress of our knowledge 
of the nature of the vessels that conduct liquids through the 
stems and other parts of plants will’ illustrate this. It was 
once thought that these vessels were not of cellular origin, 
and that the tubular parts of plants were thus to be dis- 
tinguished from cellular parts. Further study, however, 
showed regularly occurring lines around these tubes, and 
these were inferred to indicate the fusion of cells in the 
formation of the tubes. Studies in the early stages of the 
formation of vessels confirmed this view, and these facts 
eventually fitted into the generalization that all parts of the 
plant are formed by cells. 

The method just described consists essentially in making 
generalizations on the basis of a large number of facts, and 
is called inductive reasoning. This is the method of reason- 
ing to which the science of botany largely owes its present 
state. 

When we have arrived at generalizations by inductive 
reasoning, we may draw conclusions as to specific cases by 
applying these generalizations. Willow trees, at least in the 
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temperate zones, lose their leaves at the approach of winter, 
and when we have identified a tree as a willow we may pre- 
dict, even when it is in full foliage in summer, that it will lose 
its leaves before winter. This is deductive reasoning and 
may be used in predicting the future. By such reasoning we 
predict that if the season is very cold or very dry the corn 
crop will be poor or that if there is frost within a certain 
time in any given locality the fruit crop will be destroyed. 

A third form of reasoning sometimes used in botany consists 
in drawing conclusions by observing certain facts where we 
do not know the cause, and reasoning that these facts are 
due to the same conditions that w^e have elsewhere seen 
producing similar results. We observe that the leaves of a 
plant are rolled up, and we infer the presence of an insect, 
called a leaf -roller, even before we examine the leaves, because 
we have previously seen this effect produced by leaf-rollers. 
Such reasoning is called analogous reasoning, and great care 
is required to avoid error in its use. Fortunately in the case 
mentioned we may examine the leaves and find out whether 
leaf-rollers are present, and if time permits we may observe 
stages in the rolling up of leaves when the insects attack 
healthy ones. Errors may be made, however, where we 
cannot find out by observation or experiment whether the 
case under consideration is similar in all essential particulars 
to the case where the cause is known. If the two cases can 
be shown to be alike, analogous reasoning will lead to a cor- 
rect conclusion, and the method is useful in such a case. 

The botanist, like other scientists, must use his imagina- 
tion, but must keep it under control. Proper use of the 
imagination suggests lines of observation and experiment 
that will show whether the position taken is true or false, 
and anything imagined about plants immediately suggests a 
program for work which engages the attention of many 
investigators. 

Scientific method is clearly distinguished from other 
methods used in arriving at w^hat is believed, or at least 
asserted, to be. truth, such as dogmatism. Examples of 
this in reference to plants are common. The dogma of the 
constancy of species was for some time a detriment to the 
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progress of botany, but it finally lost its influence as scientific 
method was applied to the case. 

The^ habit of using scientific method is valuable in every- 
day life, since it leads us to seek all available facts before 
attempting to draw conclusions, and to examine carefully 
the methods of reasoning used in drawing conclusions. 
Though this influence acts slowly, it is certainly at work. 
Its advance would be more rapid if trained scientists would 
learn to use scientific method when they have occasion to 
deal with fields outside of their own. 


SOME STEPS IN THE PEOGEESS. 

The Origin of Botany. —Man’s earliest interest in plants 
was undoubtedly concerned with their use as food, and his 
interest in them as medicine is very ancient. No exact date 
can be set for the origin of botany. Our knowledge about 
plants has, of course, been a growth, but this growth has 
not been steady, and there are three points in it which 
deserve discussion as possible approximations of the founding 
of the science of botany. These are: (1) the third century 
B.C., because of the inquiries and writings of Theophrastus 
of Eresus; (2) the sixteenth century a.d., because of the 
work of the herbalists, Cordus, Bock, and others; and (3) 
the middle of the eighteenth century, because of the work 
of Linnseus. According to the first idea, botany is of Greek 
origin, and is approximately twenty-two centuries old; ac- 
cording to the second, it is of German origin, and is a little 
less than four centuries old; while according to the third, 
it is of Swedish origin, and is less than two centuries old. 

There seems to be good reason for thinking of Theophrastus 
as the father of the science of botany. He was a pupil of 
Aristotle, and, although he had a good deal of the philo- 
sophical viewpoint of his master, he knew many facts about 
the organs of plants and their functions and also about the 
kinds of places in which various plants grow. He recognized 
root, stem, branch, twig, and leaf, and gave physiological 
definitions to the first two. He did not define leaf, but 
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described fully several kinds of leaves. Aristotle had classi- 
fied plants as trees, shrubs, and herbs, and Theophrastus 
grouped them as woody and herbaceous, and subdivided the 
latter group into annual, biennial, and perennial. He recog- 
nized sepals and petals as modified leaves and the flower as 
a modified branch. Though he had no microscope of any 
sort, he recognized the essential difterences in stem, leaf, and 
seed between the two groups, Monocotyledons and Dicotyle- 
dons, and had some idea of the formation of annual rings in 
wood. He recognized that plants form communities, and 
gave lists of the plants forming the communities of woodlands, 
marshes, lakes, and rivers. He taught botany in the garden 
which he had inherited from his master, and by his published 
works and his teaching he laid the foundations of botany. 

Though the Greek physician, Dioscorides, and the Roman 
physician, Galen, wrote about plants from the medical stand- 
point in the first and second centuries A.n., they contributed 
little of a botanical nature, and after them the history of 
botany is practically a blank for fourteen centuries. Then 
the herbalists of the sixteenth century revived interest in 
plants, and there has been considerable tendency to call 
them the fathers of botany. They listed and described plants 
and made some attempts at discovering their natural rela- 
tionships, though they still emphasized medicinal virtues. 
Probably the most important of these was Cordus (1515-** 
1554). He studied at the University of Wittenbeig and 
gave lectures there on Dioscorides. He went direct to Nature 
for his information, and was ^'the first to teach men to cease 
from a dependence on the poor descriptions of the ancients 
and to describe plants anew from Nature.^^ Bock was 
another herbalist who described plants at first hand, and 
thus helped in reestablishing botany as a science. Two 
other herbalists of the time, Brunfels and Fuchs, did much 
to revive interest in plants, but, though they illustrated their 
works with excellent wood-cuts, they seem to have depended 
largely on the descriptions given by ancient authors rather' 
than on their own observations. Nearly a hundred herbals 
in Latin, German, Italian, French and English were published 
between 1470 and 1670, and some were published later. 
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The Swedish botanist, Linnseus (1707-1758), is often 
spoken of as the father of modern botany. He studied 
medicine at the University of Lund, where he also gave 
botanical lectures and managed the botanical gardens. He 
traveled in several countries, was a physician in Stockholm 
for a few years, and then became professor of botany in 
Upsala University, where he remained until his death. 
Though he wrote some works on the general nature of plants, 
he contributed few important discoveries in this field, and 
his main work was in classification and description. He 
emphasized the idea previously suggested by others, that 
there is a natural system of classifying plants as distinguished 
from the artificial systems that were then in use, though he 
recognized that even the rules for formulating such a system 
were unknown to him. He used an artificial system by which 
he classified the higher plants on the basis of the number and 
grouping of the stamens and carpels of the flower. In his 
time there was little exact knowledge about plants that do 
not produce seeds. 

Linnaeus put into use the binomial system, which is still 
employed in naming both plants and animals. Nearly a 
hundred years before his time use had been made of two 
names as a substitute for the long descriptive phrases and 
sentences by which plants had been designated, but Linnaeus 
popularized the binomial system and its general use dates 
from his time. He is an outstanding figure of his time 
because he gathered together and put into systematic form 
the work of earlier botanistsy broadened by knowledge gained 
in his travels, described plants with remarkable skill, named 
them according to a convenient system, recognized the 
imperfections of his own system, and pointed the way, 
thoiigh he saw it indistiiicti^^^ to a natural system. He 
insisted, however, on the doctrine of the constancy of species, 
believing that though varieties might be the result of culti- 
vation, the genus and the species were always the result of 
Nature and remained constant. This dogmatic view, to a 
certain extent, hindered the progress of botany for a long 
time afterward; Though Linnaeus is regarded by some as 
the end of an old regime and by others as the beginning of 
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a new one, there is general agreement that the iinportant I 

progress toward modern botany dates from his time. 

Progress in the ¥airioiis Fields of Botany. Botany is the 
science that includes all lines of inquiry about plants. Botaii- 
ists are engaged in the work of securing facts about plants, 
arranging these facts so as to build up concepts and using ^ 

these concepts in such a way as to tend to bring out general ' 

laws. A very brief survey of some of the steps in the prog- 
ress of botany may be made under the following heads: 
taxonomy, morphology, paleobotany, anatomy, physiology, ^ 

cytology, ecology, patlaology, genetics, plant geography, and 
economic botany, 

fa.Tormmy.“~ Taxonomy is concerned with the naming and 
classification of plants. Classification has progressed by 
slow steps from Aristotle’s grouping of plants as trees, shrubs, 
and herbs to the present grouping into families, and the I 

arrangement of these families in a sequence which at least 
approximates their natural relationships. Many artificial 
systems were used in which seed plants were grouped on the 
basis of some one or two characters, but it was seen that this ^ 

plan grouped together plants that were quite dissimilar in 
many particulars, and there were many gropings toward a 
natural system. The sequence of families arranged by the 
German botanist, Engler, about 1887 marked a milestone in 
this progress. There is not, however, complete agreement 
with all the principles that he used, and many suggestions 
have been made of better arrangements. Efforts are being 
made at the present time with some success to put taxonomy 
on an experimental and genetic basis. The binomial system 
popularized among botanists by Linnjeus was a natural 
growth and is fundamental in modern botany. 

MorpJiology,-~-MoTphology is the study of the form, of the 
plant and its organs, emphasizing the forms assumed by the ' ' 

same organ in a series of plants. The study of the life 
history of a plant is an essential part of morphology. This 
consists in tracing the series of events from some one stage 
of the plant until it again arrives at the same stage. For 
example, we may begin with the seed of the bean and trace 
the life of the plant until it produces seeds. The study of ^ 
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life histories and the comparison of the various forms of 
organs in series of plants make up morphology* It concerns 
itself with both the reproductive phase and the vegetative 
phase of the plant. It is evident, of course, that progress 
in morphology aids in taxonomy, and may result in changes 
in both classification and naming. Morphology was little 
studied apart from taxonomy until about 1650. About 
the middle of the nineteenth century the investigations 
of Hofmeister broke down the barrier that had previously 
existed between the higher and the lower plants, and thus 
opened the way for remarkable progress in morphology. 
Morphology is the basis for the study of the evolution 
of plants. 

Paleobotany.-— Taleohoimy comprises the study of fossil 
plants. It has contributed much to the understanding of 
geology and has resulted in the bridging of some gaps in the 
plant kingdom, so far as this kingdom is at present repre- 
sented by living plants. The discovery of fossil plants show- 
ing characters intermediate between the ferns and the seed 
plants is an example. Paleobotany originated in the early 
years of the nineteenth century, became much more appre- 
ciated about fifty years later, and has seen great progress 
in our own time. 

Plant dnatay.—'The word anatomy is too femiliar to 
need definition. Many facts about the gross anatomy of 
plants were known to Theophrastus, and progress in micro- 
scopic anatomy became notable in the latter half of the 
seventeenth century. Some of the early work on plant 
anatomy was from the physiological point of view and was 
largely concerned with an effort to find how far the tissues 
and functions of plants and animals were similar. Plant 
anatomy has contributed much to the progress of morphology 
and taxonomy, and is now one of the fundamentals of plant 
physiology. 

Plant Physiology.— Plmt physiology is the study of the 
functions of plants. Though plants were at least tacitly 
recognized as living things even in ancient times, experimental 
investigation of their functions did not make important 
progress until about the close of the eighteenth century. 
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Among the important fields of plant physiology are: (1) 
nutrition; (2) growth; (3) reproduction; (4) the response of 
the plant to its environment; (5) the interrelation of the 
organs and tissues of the individual plant; and (6) the energy 
relations of the plant. 

Nutrition includes the entrance of water and of dissolved 
substances into the plant and their rise to its higher parts, the 
gaseous exchanges between the plant and the air, and the 
manufacture and xise of foods in the plant. One of the 
earliest experiments in plant physiology was performed by 
Van Helmont (1577-1644), a Flemish physician and chemist, 
in an effort to determine the nature and source of the mate- 
rials that make up the plant. He took a willow cutting 
weighing 5 pounds, placed it in a tub in a quantity of earth 
which when dried xveighed 200 pounds, and watered it with 
rain water for five years, keeping the soil covered to protect 
it from dust. At the end of this time he found that the 
cutting had gained 160 pounds, while the soil, when again 
dried, had lost only a few ounces. From this he concluded 
that the plant was nothing but transformed water. His 
error in this conclusion consisted, of course, in neglecting to 
consider the air as a source of carbon dioxide. This gas was 
unknown at the time. 

The rediscovery of oxygen by Priestley and the study of 
this gas and of carbon dioxide by other workers led early 
in the nineteenth century to an understanding of the ex- 
changes of gases between the plant and the air, and this, 
wnth the final passing of the phlogiston theory in chemistry, 
according to which fire was thought to be a material sub- 
stance, and the coming in of the concept of oxidation as a 
chemical process, gave great impetus to the study of plant 
nutrition. Great advances in the study of nutrition have 
come in our own time on the basis of increased knowledge of 
the chemistry of sugars, chlorophyll, and other organic com- 
pounds in plants. The study of the entrance into plants of 
water and of substances dissolved in it, was put on a scien- 
tific basis by study of the nature of plant cells and of the 
processes of osmosis and imbibition. The rise of water in 
tall plants is studied in the light of these two processes, the 
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physical properties of columns of water, and the anatomy 
of the plant, and has engaged during recent years the atten- 
tion of workers trained in physics and in botany. 

The study of growth includes the formation of cells, their 
increase in size, the changes in the cells which accompany 
and follow this increase, and the influence of the factors in 
the environment, such as heat, light, water, oxygen, and 
gravity on these processes. The critical study of growth 
in relation to the factors in the environment is a recent 
development. 

Reproduction includes vegetative propagation and the 
production of new individuals by seeds and spores. The 
most rapid progress in this field has been made in recent 
years, although there has been a good deal of general knowl- 
edge about the reproduction of plants since ancient times. 

The organs of the plant respond to the factors in the 
environment, such as those enumerated under growth, and 
the orientation of the plant with reference to these factors 
is an important phase of modern botany. A pioneer investi- 
gation of the response of plants to their environment was 
that of Knight early in the nineteenth century on the response 
of plants to gravity. He showed that this force is very 
important in determining the position assumed by the plant 
and laid the foundations for investigations of this subject, 
many of which have been made in our own time. Responses 
to other factors, such as heat, water, and the intensity, 
direction, and wave length of light have been carefully studied 
in recent years in the light of plant anatomy, the nature of 
the plant cells and of physico-chemical knowledge. 

If we are really to understand the plant as an organism we 
must study the interrelation of its organs and tissues, in 
addition to the study of the individual organs and their 
functions. This relation is called correlation and involves 
the study of the organism as a whole. 

An understanding of the energy relations of plants involves 
a knowledge of the reception of energy from the sun, and the 
use, storage, and releasal of this energy by the plant. Our 
own time has seen the first real attempts to produce a balance 
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sheet of the receipt of energy by the plant and of the various 
ways in which this energy is used or otherwise disposed of. 

is the study of the nature of plant 
cells. In this field a good deal of emphasis is laid on the 
nature of the nucleus and the changes that it undergoes 
during division, though due attention is given to all parts 
of the cell, including the nature of protoplasm and of its 
surfaces, the structure and composition of cell walls, and 
protoplasmic communications between cells. Our knowledge 
of plant cells dates from Hooke’s first sight of them through 
his microscope, and has increased as microscopes were 
improved and as we have learned more about cutting thin 
sections, and staining and mounting them. A new outlook 
was given to the study of cells about 1850 by the general 
recognition of the fact that all organisms are composed of 
cells and that all cells so far as we know them are formed 
by the division of preexisting cells. About 1900 new^ impetus 
was given to the study of cytology by the recognition of the 
colloidal nature of protoplasm, and many facts otherwise 
irreconcilable were unified by this point of view. The inven- 
tion and perfection of instruments for the dissection of cells 
under the microscope has recently contributed much to our 
knowledge of cells, and the comparative study of plant and 
animal cells has broadened our vision. 

Ecology,— 'Ecology (see p. 339) is the study of organisms in 
relation to their environment. Plant ecology is sometimes 
thought of as merely the grosser physiology of plants as 
individuals and as associated in communities, but is now- 
recognized as including a careful determination of the 
physical and chemical factors in the environment, such as 
light, heat, water, and other factors and of the mutual effects 
of plants and other organisms in the habitat. We usually 
think of it as originating with publications hy Warming, 
beginning in 1895, though Theophrastus in the third century 
B.c. showed a knowdedge of the rudiments of this sub- 
science. We have now accumulated a large mass of facts 
on the relation of plants to their environment and consid- 
erable progress has been made in making inferences from 
these. Plant ecology and animal ecology have been mutu- 
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ally Mpful and some knowledge of both fields is highly 
desirable for the study of either. 

Plant Pathology. —Plmt pathology is the study of the 
diseases of plants, and has received more or less attention 
since very ancient times. Modern plant pathology is based 
on the recognition of fungi, bacteria and other microorgan- 
isms as the causative agents of plant diseases. Two impor- 
tant lines of investigation, the life histories of the pathogenic 
organisms and the relations between the host and the parasite, 
go hand in hand in pathological studies at the present time. 
The causal relation of the fungi in plant diseases was estab- 
lished in Germany about 1850 and of bacteria in the United 
States about ISSO. 

In recent years it has been established that some diseased 
conditions in plants are purely physiological and are not 
caused by organisms. An important phase of the study of 
plant diseases caused by organisms is now the development of 
plants that are immune to the attacks of these organisms. 
This work has emphasized the relation of genetics to pathol- 
ogy. The study of the relation of the host and the parasite 
has come to depend on a knowledge of the physiology of both, 
and the relation of pathology and physiology has thus 
become an intimate one. Obviously the morphology and 
anatomy of the host plant must also be known, and some 
knowledge of its ecology is desirable. It is thus evident 
that pathology is most advantageously studied in the light 
of a knowledge of the whole field of botany. Investigations 
in plant pathology are of very great economic importance 
and the considerable amount of money invested in the work 
has yielded good returns. 

Plant Genetics. —Gmetics deals with heredity. A large 
body of facts about the inheritance of characters by plants 
has been established, and considerable progress has been made 
in making inferences from them. Menders law, arrived at 
by the study of the inheritance of characters in peas, was 
published in an obscure journal in 1860, and its rediscovery 
about 1900 stimulated much work on genetics. Breadth of 
view^ has been given to the study of genetics by the considera- 
tion of both plants and animals. The study of the formation 
27 
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of chromosomes in the dividing nucleus goes along with the 
experimental breeding of plants and animals in the progress of 
genetics. Plant breeding is practised as an art for economic 
reasons and also as a part of research in pure science. 

Plant Plant geography deals with the gen- 

eral distribution of plants on the earth and the factors to 
which this distribution is related. Obviously an acquaint- 
ance with the various species of plants is the starting point. 
Theophrastus knew about 500 plants; the herbalists of the 
sixteenth century about 2000, while about 300,000 are now 
known. The facts about the distribution of plants over the 
earth’s surface have been accumulated by world-wide travel- 
ers, and attempts have been made to relate this distribution 
to present factors, such as soil, temperature, and light, and 
consideration has also been given to such facts of paleo- 
botany as seem to bear on the case. Schimper’s Plant 
Geography on a Physiological Basis was published in 1898 
and many works on the subject have appeared since. 

Economic Botany. —Economic botany deals with plants 
that are useful to man and with plants and other organisms 
that interfere with their growth. Interest in this phase of 
plants is, of course, very old. It involves the listing and 
discussion of useful plants, the study of the value of various 
crops, such as wheat, oats, corn, cotton, and timber, and 
may include the principles of plant production and some 
general account of plant diseases and of various factors that 
interfere with the growth of plants that are economically 
important. 
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CHAPTER XXXIL 


PLANTS AND HUMAN WELFARE. 

Plants are the source of most of the necessities of exivStence 
and also of many of the conveniences which make life enjoy- 
able. It is impo>ssible to present in this chapter all of the 
particulars in which plants are related to human welfare. 
The general theme of the relation of plants to the necessities 
and pleasures of our lives is the important thing, and par- 
ticulars find their place in illustrating this theme and making 
the relation clear and definite. The more important "ways in 
which plants make human existence possible and enjoyable 
may be discussed under the following heads: (1) food; (2) 
clothing; (3) shelter; (4) industrial products; (5) energy; 
(6) regulation of water supply; (7) health; (8) comfort and 
pleasure. Not all plants, however, are favorable to human 
welfare. Among those that are a menace to man are: (1) 
microorganisms causing diseases of man, domestic animals, 
and crop plants; (2) microorganisms causing spoilage of foods; 
(3) poisonous plants; (4) weeds. 

PLANTS FAVORABLE TO MAN. 

All of our organic food comes directly or indirectly from 
plants. This is so obvious in the case of vegetable foods 
that it needs no discussion, and the plant origin of such 
articles as coffee and tea is well known. It is likewise clear 
that animal foods come indirectly from plants, since cattle, 
sheep, hogs, and poultry feed mainly on plants and plant 
products, and where animal food is concerned in their 
subsistence it is traceable to plants. 

The dependence of fish and other aquatic animals on plant 
food is less obvious, but no less real. Some kinds of fish 
feed directly on plants, and others use animal food that is 
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dependent directly or indirectly on plant food. In many 
cases the food used consists of microscopic plants reproducing 
rapidly and occurring in enormous numbers in both fresh 
and salt water. The diatoms (see p. 191) are the commonest 
group of such plants. 

Some fish {e, g,, sockeye salmon) feed directly on diatoms, 
while the food of others is readily traceable through several 
steps to diatoms as the primary source of food. The food 
cycle of the hake, a fish common in the sea along the east 
coast of the United States, was investigated by cutting open 
the stomachs and identifying the contents. These stomachs 
were found to contain young herring, and the stomachs of 
these herring were found to contain small animals called 
copepods. When these copepods were examined microscopic- 
ally they were found to have taken diatoms as their food. 
The investigator sums up the case by saying, ^^No diatoms, 
no hake,” Some fish feed directly on larger plants. Carp 
eat the leaves of aquatic plants, and some milkfish feed on 
filamentous green algse. The food of other aquatic animals, 
such as oysters, clams, and crabs is also readily traceable to 
plants, mainly microscopic in size. 

Plants furnish many of the materials used in the manu- 
facture of our clothing and others are derived from animals 
which feed directly or indirectly on plant food. The direct 
origin of cotton and linen from plants is well known and the 
indirect origin of wool, silk, and leather is readily traced. 
During recent years much progress has been made in the 
manufacture of artificial fibers from plant materials, and 
many articles of clothing are now made directly from these 
or from cloth woven from them. 

A good deal of the material that enters into our shelters 
is made from plants. A large part of this consists of iumber 
and timbers from trees. Many fiber products are now pre- 
pared from waste wood as well as from other plants {e. g., 
corn and sugar cane), and these are much used in the interior 
of buildings. More primitiy# shelters are often made by the 
use of such plant parts as stems, leaves, and bark. 

Man is dependent on plants for many important industrial 
products. Among these are rubber, paper, vulcanized fibers. 



422 


PLANTS AND HUMAN WELFARE 


and alcohoL Rubber is obtained from the milky juice of 
trees, mostly of the spurge family. The juice was formerly 
obtained from trees growing wild, but many plantations of 
rubber trees have now been established in tropical regions. 
The guayule shrub of Mexico has also been found to be a 
source of rubber, though it is not used commercially at 
present. The preparation of rubber from this shrub involves 
the destruction of the plants, while the juice can be obtained 
from trees without killing them. 

Much of the paper used in printing is made from wood 
pulp. Cottonwood and spruce are especially suitable for 
the preparation of wood pulp, but several other woods are 
now used. Some paper is made from rags and these are, of 
course, of plant origin. Vulcani 25 ed plant fibers are now used 
in industry in many ways. The handles of many tools and 
instruments are made from such material as are also gear 
wheels and other parts of machines. Alcohol finds many 
industrial uses in modern life. It is the product of the 
fermentation of plant products by microorganisms. 

The regulation of the flow of water for the supply of cities 
is an important contribution of plants to human welfare. 
The mossy growth in the forest holds the water from rainfall 
and melting snow and allows it to run off gradually, where it 
runs off rapidly and is wasted when the forest is removed. 

The use of energy other than that of their own hands is, of 
course, very important to human beings. Energy from coal, 
crude oil, petroleum, gasoline, and wood are necessary for 
the maintenance of our present industrial system and habits 
of living, and will play a large part in such progress in these 
lines as may come in the future. We use the energy largely 
in three ways —to drive machinery and to provide heat and 
light. Coal is formed by slow changes through long periods 
of time in organic matter, mainly the remains of plants. 
Whatever animal remains have entered into the formation of 
coal are, of course, traceable to plants, since all animals are 
dependent ultimately on plant food. Coal is the source of 
much energy used in transportation, industrial processes, 
and providing heat and light Crude oil comes from the 
decomposition of vegetable and animal matter, and is thus 
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traceable to plants. It is refined into the kerosene, gasoline, 
distillate, and other products which so largely provide 
energy and light. Illuminating gas is made by the distilla- 
tion of coal. Wood is much used for heat, and to a certain 
extent for energy in industrial processes. 

Many of the medicines used in the treatment of diseases 
are of plant origin. Quinine and digitalis are examples. 

A considerable number of medicines are now made synthetic- 
ally, but still a large number of common drugs are prepared 
directly from plants. Several hundred drugs that are official 
in the United States are of plant origin, and a large number of 
unofficial ones that are comnaonly used also come from 
plants. Many substances used in the preservation of health 
are also of plant origin. Among the common agents of 
sterilization and disinfection are carbolic acid from coal-tar 
and formaldehyde from wood. 

We also derive much comfort and pleasure from plants. 
The shade of trees does much to make life tolerable in many 
parts of the world. We enjoy the beauty of form and color 
of plants, and are pleasantly stimulated by the renewal of 
their growth in spring. Much beauty is added to the surface 
of the earth by its natural cover of vegetation. The ugliness 
of a region over which a forest fire has passed or of a recent 
cut or fill makes us conscious of the beauty of plants as a 
covering. We make ugly places beautiful by landscape 
effects and flower gardens. We derive much pleasure not 
only from such finished products but also from planning, 
planting, and caring for them. 

PLANTS UNFAVORABLE TO MAN. 

Many plants interfere with the health and pleasure of 
people and also cause large economic losses. Microdrgan- 
isms causing human diseases are among the most important 
of these. Tuberculosis is a widespread disease causing much 
distress and many deaths as well as costing huge sums of , 
money. It was definitely established in 1884 that this 
disease is caused by a specific organism 
tuberculosis). It has been found that tuberculosis is curable 
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if treatment is begun in the very early stages of the disease. 
Great progress has been made in recent years in the care and 
treatment of persons afflicted with this disease and also in 
preventing contagion, so that it is much less to be dreaded 
than it was a few years ago. 

Typhoid fever is another widespread disease due to a 
specific organism. The typhoid bacillus (Eberthella tyjM) 
was discovered in 1880, grown in pure culture in 1884, and, 
after this, evidence that it is the cause of typhoid fever 
gradually accumulated until certainty was established. This 
disease may be spread by drinking water and also by milk 
and other foods. Since the nature of the disease and the 
ways in which it is carried have become known, effective 
measures of preventing its spread have been found, and 
epidemics of it are less common than formerly. There are 
many other human diseases, either caused by specific micro- 
organisms or with which such organisms are associated in 
some way. Among these are whooping-cough, scarlet fever, 
cholera, pneumonia, diphtheria, lockjaw, and botulism. 

Man’s fight against infectious diseases has in the main 
been a winning one. The ignorance and superstition of the 
past have been replaced by a scientific point of view and 
definite knowledge of the causes and nature of diseases. 
Progress in this fight has been marked by much self-sacrifice 
among those engaged in the work, and several workers have 
sacrificed their lives that facts about diseases might be 
definitely established. We do not yet have complete knowl- 
edge, however, and much still remains to be done. 

A number of infectious diseases of domestic animals cause 
large economic losses. Tuberculosis occurs among cattle, 
hogs, and other animals. This disease can be communi- 
cated from cows to human beings who use the milk. A reli- 
able test for bovine tuberculosis has been devised, and 
governmental measures have been taken for the removal of 
infected cows from dairy herds. Hog cholera is another 
important disease. The organism causing it was discovered 
in 1885, and the understanding of the nature of the disease 
has considerably lessened the economic losses caused b\^ it. 
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Plants are subject to many diseases, most of which are 
due to bacteria or other fungi, though some are due to purely 
physiological conditions independent of microorganisms. 
About 30 diseases of plants are known to be caused by 
bacteria, and the number caused by rusts, mildews, and 
smuts is much larger. Among the bacterial diseases of plant 
are cucumber wilt, blackrot of cabbage, and fire blight of 
pear and apple trees. Among the plant diseases due to other 
fungi are wheat rust, corn smut, chestnut blight, and white 
pine blister rust. Further discussion of plant diseases will 
be found in Chapter XIV. 

Spoilage of foods is largely due to microorganisms, and 
we prevent their activities by such means as canning, pickling, 
drying, and cold-storage. The canning of food has been 
practised for over a hundred years, and during the last thirty 
years it has assumed major importance in preserving foods 
for seasons of the year when they cannot be obtained fresh 
and in distributing many foods to places where they cannot 
be easily produced. Pickling in brine is used as a means of 
preserving many foods {e. g., fish). Fruits and other foods 
are very commonly preserved by drying. Freezing is a 
common means of preserving fish. Many foods are kept 
for a short time in cold-storage. 

Some plants are poisonous to man. Mushrooms are highly 
prized as human food, but, unfortunately, a number of 
species are poisonous. There are a large number of whole- 
some ones, but ability to distinguish these from the poisonous 
kinds is always necessary in selecting mushrooms for food. 
The leaves of some plants are used as greens, and, unfortu- 
nately, some poisonous plants at certain stages of their 
development 3 'esemble the w’^holesome ones commonly used. 
Some common plants are poisonous to domestic animals. 
The death of cattle from eating poison hemlock, wild carrot, 
and other related plants is common. The book by Pammel 
included in the list at the end of this chapter contains full 
information on plants poisonous to man and domestic 
animals. 

Weeds are always a menace to crops and ornamental plants 
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and are thuvS a source of expense and annoyance to man. 
Any plant that is growing where man does not want it may 
be considered a weed. Weeds may injure desirable plants 
by shading them, by using up the nutrients in the soil, or 
by exhausting the soil moisture which would otherwivse be 
available for desirable plants. Weeds may also be objec- 
tionable because they are unsightly. 

Pigweed {Amamnthtis retroflexm) is a coarse annual weed 
which is common in cultivated fields and gardens. It pro- 
duces numerous small seeds and an effective way of dealing 
with it is to kill the plants before the}^ produce seeds. The 
Canadian thistle {Cirsium arwnse) is a troublesome weed 
introduced from Europe. It has creeping, perennial root- 
stocks which form extensive growths in the soil and it is 
thus difficult to eradicate. It belongs to the composite 
family, and its seeds have the tuft of hairs characteristic 
of seeds of that family, and this enables them to be widely 
distributed by wind. 

The Russian thistle (Salsola Kali var. temdfolia) is a 
much-branched, annual weed introduced into the Dakotas 
and other states about 1885. It branches profusely, giving 
the plant a hemispherical form, and the branches become 
spiny when the plants become dry in autumn. The root is 
slender and the whole plants break loose from the soil in 
early fall and are rolled across the prairie in great numbers. 
The seeds are thus scattered widely. The best method of 
getting rid of it is to kill the plants by cultivation before the 
seeds are ripe. Dodder is a pest weed that has caused much 
loss to growers of alfalfa and other crops. It is described 
on p. 364 

These are only a few examples of the many troublesome 
weeds with which farmers and gardeners must contend. 
Knowledge obtained by careful study of the growth habits 
and method of propagation of the various weeds has greatly 
aided in the battle against them, but constant warfare is 
necessary in order to provide good conditions for the plants 
that we desire and keep out the ones that we do not want. 
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A 

Abies, 286 
Absorption, 100-101 
Absorption spectra of chlorophyll, 
carotin and xanthophyll, 146 
Accessory fruits, 127, 129-130 
Acquisition of facts about plants, 
404-406 

Actinomorphic, 110, 308 

Adiantum, 267 

iEcidia, 227 

iEciospore, 227 

Aerobes, 212 

Aerobic respiration, 151 

Aeroles, 193 

ASrotaxy, 164 

Agar agar, 208 

Agaricus campester, 226 

Aggregate fruits, 127, 129 

Akene, 129, 306 

Albugo Candida, 214-215 

Alder, cross-section of stem of, 68 

Aleurone, 118 

Algae, 168-169, 177-208, 232 
Alkaloids, 149 
Alternate branching, 59 
Alternation of generations, 169, 
170, 171 

Amanita phalloides, 224 
Ament, 114, 305, 306 
Amphicribral, 68 
Amphiphloic siphonostele, 268 
Amphivasal, 68 
Amceboid form, 176 
Anabaena, 179 
Anaerobes, 212 
Anaerobic respiration, 151 
Anatomy, plant, 413 
Anchorage, 99-100 
Andreales, 248, 254 
Anemone, flowers of, 340 
in fruit, 342 

Angiosperms, 171,292-294 
Animal characteristics in organisms 
172-176 


Animals, influence on plants, 353- 
354 

succession, 383 

Annual rings, 68, 68-69, 70, 80, 276 
Annular vessels, 66, 67 
Annulus, 230 
of fern, 264 
Anther, 105 

Antheridia, 187, 188, 243, 265 
Antheridial branches, 242 
stalks of moss, 249 
Anthoceros, 246 
Anthocerotales, 246-247 
Anthocyanins, 149 
Apical ceil, 157 
Apogamy, 268 
Apospory, 268 
Apothecia, 233, 234, 235 
Apple, longitudinal section of, 130 
Applied sciences, 401-402 
Araceae, 297 

Arbutus Menziesii, longitudinal 
section of flower of, 109 
Arehegonia, 242-243, 244, 265 
Archegonial branches, 243 
Archichlamydeae, 305-311 
Arillus, 120 

Aristolochia, cross-section of old 
stem of, 80 
of young stem of, 79 
Aristotle, 409-410 
Art, botany and, 402-403 
Arum family, 297 
Asarum caudatum, 54 
Asci, 219, 235, 236 
Aseocarp, 218 
Ascomycetes, 209, 218-223 
Ascospores, 219, 235 
Asexual generation, 169, 170, 171 
Ash, bark of, 75 
cambium of, 77 
Aspergillus, 221-222 
Atmosphere of soil, 348-349 
Atmospheric humiaity, 344-345 
i Autoecious rusts, 227 
1 Avens, leaf of. 44 



430 


INDEX 


■ 

Bacteria, 178, 209, 210-213, 210, 
211 

classification of, 212 
Basomycetes hyssoides, 233 
Bark, 30, 74-80 
of pine, 277, 279 
BasidiomyeetewS, 209, 223-231 
Basidospores, 226 
Basidiurn, fungi, 209, 223-231; 226 
Basket grass, 298 
Bast, 39, 76, 76 
Bean, seed of, 118 
Bed straw, leaves of, 45 
Bennittitales, 290 
Big tree of California, 2S5, 286 
Binomial system, 334. 

Biotic factors, 343, 352-354, 383- 
384 

Birch, leaves and catkin of, 131 
Bird’s nest fungus, 220 
Birthwort, cross-section of old stem 
of, 80 

of young stem of, 79 
Bladder kelp, 198-200, 198 , 199 
Bladderworts, 57 
Bladder wrack, 200 
Blade, 41 

Blue cohosh, rhizome and roots of, 

88 

mold, 221 

Blue-green algae, 177-180 
Bock, 409 

Bog mosses, 248, 252-254 
Bordered pits, 82, 83, 85 , 87 
Botanical names, 333-337 
Botany, growth of, as a science, 
404-418 

in relation to other fields of 
knowledge, 393-404 
methods used in, 404-409 
Bracken fern, 257 , 258, 268 , 261 , 
262 

Bracket fungus, 228, 229 
Bract, 131 

Branches, arrangement of, 58-60 
Bread mold, 215-217, 215 , 216 
Breeding of plants, 316-318 
Brefeldia maxima, plasmodium of, 

173 

Brown algae, 196-204 
Brunfels, 410 


Bryales, 248-252 

Bryophytes, 169-170, 239-240, 325- 
326 

Budding, reproduction by, 218 
Buds, 22, 90-91, 104 
arrangement of, 58-60 
of Douglas fir, 284 
Bulbs, 88, 90, 89 
Buttercup, 106 , 107, 108, 306 


C 

Cactus, 378 
Calyptra, 250 
Calyx, 103, 108 
lobes of, in apple, 130 
Cambium, 38, 69, 74, 76, 77 , 98, 277 
Capitalization of names, 3Jk 
Caprifoliaceae, 313-314 
Capsule of Marchantia, 244, 244 
Carbohydrates, 23, 142-144, 148- 
149 

Carbon dioxide in photosynthesis. 

142, 144 

in respiration, 150 
Carnegia gigantea, 378 
Carotin, 145-147 
Carotinoids, 145 
Carpel, 107, 126-127, 130 
Carpospore, 205, 207 
Caryopsis, 129 
Caruncle, 118 , 120 
Castor bean, seed of, 118 
Catkin, 114, 305, 306 
pistillate of birch, 131 
Cat-tail family, 295-296 
Gaulophylium, rhizome and roots 
of, 88 

Cedar, 287, 288, 287 
Cell, 23-33, 39 
companion, 36 
corky, 23, 24 
of green algae, 195 
of moss leaf, 25 
of stamen hair, 23 
plate, 27 

progress of knowledge of, 3 1 
sap, 23 
sieve, 36 
stone, 75 
walls, 23, 25 
Cellulose, 23, 35 
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CJentral plate, 26 
Cephalaiitliera austinte, 301 
Cetraria islandica, 232, 233 
Chains of bacteria, 210 
Chalaza, 106 
Chara, 190-191 

Chemical elements in chlorophyll 
pigments, 145 
properties of soil, 35 1-352 
Chemistry, botany and, 396-398 
Chemotaxy, 164 
Chlamydomonas, 181 
Chlamydospores, 225 
Chlorenchyma, 34, 37 
Chlorophyceae, 180 
Chlorophyll, 144-147 
Chloroplasts, 25, 25, 42, 46, 47, 145 
of Euglena, 175 
Christmas fern, 266 
Chromatin, 26, 27, 37 
Chromatophores, 191, 192 
Chromosomes, 26, 27, 322-323 
Cilia, 176 
Cladonia, 235 
Cladonia rangiferina, 232 
Claviceps purpurea, 222-223 
Climatic factors in environment, 

343-347 

in plant succession, 381 
Clinostat, 159 
Clothing, plants and, 421 
Club mosses, 269-270 
Codium, 186, 188, 222 
Coenocyte, 186, 213 
Cog psychrometer, 345 
Coieochsete, 189-190 
Collateral bundles, 66 
Collenchyma, 31, 32, 37, 38, 39 
Colloidal state, 24 
Colonies of bacteria, 210 
Columella, 216-217, 250 
Common names, 333 
Communities, plant, 371-380 
Companion cells, 36-38, 66 
Complex plants, 324-329 
Gompositffi, 314-315 
Composite family, 314r-315 
Compound leaf, 44 
umbels, 310 
Concentric bundles, 68 
Conceptacles, 202, 203 
Conductive tissue, 36-38, 39 
Cone-bearing trees, 276-288 


Cones, 280-281, 283, 283-284 
Conidia, 215 
Conidiophores, 215 
Conidiospores, 222 
Coniferales, 276-288 
Coniferous trees, 373-377, 374, 388 
Conifers, 276-290 
stems of, 81-88 
Conjugation, 183, 184, 185 
Convolvulacese, 312-313 
Cordaitales, 290 
Cord moss, 252 
Cordus, 409 
Coriaceous, 53 
Cork, 35-36, 74 
cambium, 74, 76 

Corn, cross-section of stem of, 63 
of vascular bundle of stem of, 

65 

longitudinal section of vascular 
bundles of, 67 
of kernel of, 119 
smut, 223-225, 230 
Cornaceae, 310-311 
Corolla, 103 

Correlation in growth, 160-162 
Cortex, 28, 98 
of apple, 130 

Cotyled!ons, 117, 125, 118, 119 
Crataegus, longitudinal section of 
flower of, 107 
Cronartium rubicola, 227 
Cross-breeding, 316 
Cross-pollination, 317-318 
Crowfoot family, 306-307 
Crustose lichens, 234 
Cryptogramma, 267 
Crystalloid state, 24 
Crystals, 76, 78, 79 
Cup fungi, 219-221, 220 
Cupules, 241-242, 242 
Curvatures of plant organs, 165, 166 
Cuticle, 45, 46 
Cyanophyceae, 1 77-1 80 
Cyanthus, 220 
Cycadales, 276, 288 
Cycadofilices, 290 
Cycads, 276, 288 
Cystocarp, 205, 207 
Cytase, 154 
Cytology, 416 
Cytoplasm, 25, 27 
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. D ■ 

Dandelion/ 93 
flowers of, 114 
and fruits of, 113 
Darlingtoma ealifornica, 368 
Darwin, Charles, 318 
Decay, 212 
Deciduous, 55; 

forests, 372-373 
Deer fern, 267 
Dehiscence, 105 
of fruits, 127 

Demonstrations of photosynthesis, 
148 

Deposit, 380 
Deserts, 377-379 
vegetation of, 378 
Desmids, 184-185 
Diatoms, 191-195, 192 , 193 
Dicots, 294, 305-315 
leaves of, 42 
stems of, 68-81 
of herbaceous, 80-81 
Dicranum, 249 

Differentiation in plant growth 
156-157 

Digestion, 153-154 
Dinoflagellates, 176 
Dioscorides, 410 
Diploid, 204 

Direction of growth, 164-165 
Diseases and respiration, 153 
plants and human, 423-425 
Dispersal of seeds, 21, 22, 125, 132 
Divivsions of plant kingdom, 167- 
171 

of plants, 325-326 
Dominant, 319 
Dorsi-ventral structure, 44 
Douglas fir, frontispiece, 282-283 
bordered pits of, 87 
cone of, 285 

cross-section of stem of, 82 
of wood of, 84 

radial section of wood of, 85 
scale and bract of, 284 
staminate strobile of, 284 
tangential section of wood of, 

86 

twigs of, with cones, 283 
Dunes, 350-351, 350 
Dwarfness, 319-320 


E , 

Easter lily, 104 , 108 
Echinocactus wislizeni, 378 
Ecological classes, 364 
Ecology, 339-342, 416-417 
Economic botany, 418 
• of lichens, 237-238 
of red algse, 208 
significance of fungi, 213 
Ectocarpus, 196 
Ectophloic siphonostele, 268 
Edaphic factors, 343, 347-352 
Egg of Marchantia, 244 
Elaters, 243, 244 
Elodea, 29 
Embryo, 117, 119 
sac, 106 

Emulsoid type, 24 
Encelia farinosa, 378 
Endarch, 280 
Endocarp, 128 
Endodermis, 48, 50, 98, 259 
Endophyte, 179 
Endophytic, 179 

Endosperm, 117-119, 118 , 119 , 120 
Energy, 142, 147-148 
from respiration, 152 
plants and, 422 
Engler, 326 
sequence, 304, 326 
Enlargement in plant growth, 156- 
157 

Enteromorpha, 186 
Environment, 19 
plants and their relation to, 339- 
393 

Enzymes, 152, 154 
Ephedra, 289-^)0 
Epicarp, 128 
Epicotyl, 117 

Epidermis, 31, 32, 33, 34, 37, 42, 
46 , 47,48 
Epigynoiis, 109 
Epiphytic, 179 
Equisetaies, 272-275 
Equisetum, 272 

telmateia, 273, 274 
Erect lichens, 233 
Ergot, 218, 222-223 
Ericaceae, 311 
Erosion, 380 
Etiolated plants, 158 
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Euglena, 176 
Euinycetes, 209 
Eusporangiate, 265 
Evaporation, 141 
Evergreen, 55 
trees, 276~288 

Evolution, theories of, 331-332 
Evolutionary point of view, 324- 
332 

Exarch, 280 

Eye spot of Euglena, 175 


F • 

Fairy rings, 230 
Fainhies of plants, 303-304 
Fascicled leaves, 276 
system, 102 
Feather moss, 251 
Fermentation, 219 
Ferns, 256-275 
stems of, 88 
Meld work, x, 341 
Figwort family, 313 
Filamentous lichens, 233 
Filament of Oscillatoria, 178, 178 
Filiacales, 256, 258-269 
Filterable viruses, 211 
Firs, 286 
Fission, 178 

Flagella, 163, 174, 176, 211, 211 
of Euglena, 175 
Flagellates, 174-176 
Floating mats, 385-386 
Floral formula, 300 
of rose family, 307 
Florets, 115, 116 

Flowers, 21, 103-116, 104, 328-329 
Foliose lichens, 232 
Follicle, 128 
Fomes pinicola, 228 
Food, formation of, and use in 
plants, 142-154 
plants as, 420-421 
Foot of Marchantia, 244 
Form, plant relationships from the 
point of view of, 167-339 
Formaldehyde, 143 
Formation of plant organs, 156-157 
Fragmentation, 184, 237 
Free venation, 50 
Frond of a kelp, 197, 198, 199, 197, 
198 

28 


Fruticose lichens, 233 
Fruiting stage, 172 

in a slime mold, 173 
Fruits, 21, 126-132 
classification of, 127 
dispersal of seeds by, 132 
of gymnosperms, 130-131 
winged, of a maple, 131 
Fuchs, 410 

Fucus, 200-203, 201, 202 
conceptacles of, 203 
fruiting tips of, 202 
Funaria hyrometrica, 252 
Functions of plant organs, 17-22 
of plants, 133-166 
Fungi, 168-169, 209-231, 220, 224, 
232 

imperfecti, 231 
Funiculus, 106 
Fusiform rays, 86 


Galen, 410 
Galium, leaves of, 45 
Gametangia, 196 
Gamete, 168 
Gameteophyte, 169, 249 
Gases, 48, 49, 349 
Gaultheria shallon, leaf of, 42 
Gelatinous lichens, 234 
matter, 177 
Gemmae, 241-242 

Generalizations, making of, 406- 
409 

Generic names, 334-335 
Genetics, 318-323 
plant, 417-418 
Gentianaceae, 311-312 
Gentian family, 311-312 
Geography, plant, 418 
Geology, botany and, 398-399 
Geotropism, 165 

Geranium, cross-section of leaf of, 

46 

epidermis of leaf of, 47 
Germination, 121, 122 
Geum macrophyllum, longitudinal 
section of flower of, 107 
Giant avens, longitudinal section of 
flower of, 107 
cedar, 287 
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Gill fungi, 224, 229-230 
Gills of fungus, 224, 226 
Ginkgo biloba, 289 
Ginkgoales, 276, 289 
Girdle, 192, 193, 192 
Glabrous, 54 
Glandular hair, 138 
Glaucous, 54 
Gleocapsa, 179 
Glucosides, 149 
Giiimes, 302 
Gnetales, 276, 289-290 
Gnetum, 290 
Graminese, 296 
Grape fern, 275 
Grass family, 296 
Grasses, 116 
Gravity, 19, 165 
factor in growth, 159 
Green algae, 180-196 
Ground pine, 269-270 
Growing tissue, 38, 40 
Growth, 156-163 
directions of, 164-165 
habits of roots, 101 
of stems, 60 
of botany as a science, 404-418 
Guard cell, 33, 43, 47 
Gymnosperms, 171, 276-290 
fruits of, 130-131 


H 

Haircap moss, 250 
Hairs, 54, 54 

glandular, of petunia, 138 
leaf, 46 
root, 94 

Halophytes, 363-364 
Hanstein, 33 
Haploid, 204 
Haustoria, 215 

Hawthorn, longitudinal section of 
flower of, 107 
Hazel, catkins of, 306 
Head, 114 

Heat, factor in respiration, 153 
Heath family, 311 
Heliopelta, i93 
Hemlock, 286 
stone cell from bark of, 87 
Hepaticse, 240 


Herbaceous dicots, stems of, 80 
Herbalists, 409, 410 
Heterocysts, 179 
Heteroecious rusts, 227 
Heterogamous forms of fungi, 213 
Hiliim, 118, 119, 143 
Hippuris vulgaris, 359 
Holdfast of a kelp, 197, 198 
Honeysuckle family, 313-314 
Hooke, 31-33 
Horse chestnut tree, 346 
twig of, 59 
Horsetails, 272-275 
Huckleberry, leaves of, 45 
Human existence and photosynthe- 
sis, 149-150 

welfare, plants and, 420-426 
Humidity, 138 

plants and, 420-426 
Hyaline cells, 253 
Hybridization, 316-318, 331 
Hydric, 356 

Hybrids, 317-318, 318-320 
Hydrogen-ion concentration, 153 
Hydrophytes, 356-360 
Hydrotropism, 165 
Hylocomnium splendens, 251 
Hymenium, 219, 235 
Hyphae, 209, 226 

Hypocotyl, 117, 118, 119, 123, 125 
Hypodermis, 48 
Hypogynous, 109, 300 


I 

Iceland moss, 232 
Imbibition, 134, 141 
Imperfect fungi, 209, 231 
Indehiseent fruits, 127 
Indian pipe, 367 
Indusium, 263, 263, 264 
Industrial products, plants and, 
421-422 

Inflorescence, 113-116, 116,116 
Insect catching plants, 56 
Integument, 106, 111, 120 
Intergeneric hybrids, 316 
Internode, 58 

Intramolecular respiration, 151 
limiase, 154 
Inulin, 102 

Involucre, 113, 114, 314 
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IrMacea^, 300“301 
Iris, cross-section of ovary of, 110 
family, 300-301 

Ironwood, tangential section of 
bark of, 78 
Isoetales, 271-272 
Isogamous forms of fungi, 213 
Ivy, leaf of, 42 

J 

JUNGERMANNIALES, 245~246 
Junipers, 288 
Juniperus, 288 

K 

Kalmia polifolia, 105 
regeneration of, 161 
Karyokinesis, 26 
Keel, 307 

Kelp, 197-200, 197 


L 

Laboratory work, xvii 

Laburnum, inflorescence of, 115 

Laminaria, 197-198, 197 

Laminariacese, 200 

Laminations, 143 

Larches, 288 

Larix, 288 

Latex tubes, 31-33 

Leaf-like lichens, 232 

Leaf scars, 59 

Leaves, 20, 41-57, 58-60, 42 
arrangements of, 45, 55, 58-60 
compound, 44 
cross-section of, 46 
duration, 55 
form and kinds, 53 
hairs of, 46 
modified, 56 
odor and taste of, 55 
physiological functions of, 52 
texture of, 53 
Leguminosse, 307-309 
Lemma> 115, 296 
Lemon, cross-section of, 126 
Lenticels, 59, 79 
Leptosporangiate, 265 
Leucoxflasts, 25 
Lichens, 232-238, 235 


Liberal education, vii 
Light, 19, 343-344 
factor in germination, 121 
factor in growth, 158-159 
factor in respiration, 152-153 
in photosynthesis, 142, 147 
Lignin, 23, 37 
test, 30, 35 
Liliacese, 297 
Lilium, leaf of, 42 
Lily family, 297 
Linnaeus, 334, 409, 411-412 
Lipase, 154 

Literature, botany and, 402-403 
Litmus, 237 

Liverworts, 170, 239-247, 254 
Livingston atmometer, 345 
Locomotion, '163-164 
Lomaria, 267 
Long moss, 232 
Lumen, 30, 65, 276-277 
Lycopodiales, 269-271 
Lycopodium, 269-270 
obscurum, 269 

Lysichiton camtschatcense, 299 


M 

Magrocystis, 200 
Madrona, longitudinal section of 
flower of, 109 

Magnolia, vessel segment of wood 
of, 74 

Maidenhair, 267 
tree, 276, 289 

Man’s activities and plant succes- 
sion, 382-383 
influence on plants, 354 
Mantle fibers, 26, 27 
Maple, seedling of, 124 
fruit of, 131 

Marchantia, 241-244, 242, 243, 244 
Marchantiales, 241-245 
Mare’s tail, 359 
Marine algse, 185-186, 204-208 
Mathematics, botany and, 399-400 
Mats, floating, 385-386 
Maturation in plant growth, 157 
Mechanical tissue, 39 
Medicines and plants, 423 
Medulla, 90 
Megaspore, 270-271 
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MembraBaceous, 53 
Membrane, 135 
nuclear, 25, 26 
senii-permeable, 135 
vacuolar, 25 

Mendel, Gregor, 318-321 
Mendel’s law, 318-321, 417 
diagram to illustrate, 320 
Mendelism, 321 
Mentliaceai, 313 
Mericarps, 309 

Meristematic tissue, 38, 40, 69, 72, 
76, 87, 94, 95, 106, 156-157 
Mesocarp, 128 
Mesophyll, 46, 47-49, 48 
Mesophytes, 362-363 
Metabolism, 153 
Metaxylem, 95, 260 
Microorganisms, 211 
Micropyle, 106, 111, 118, 119 
Microspore, 270-271, 281 
Middle lamella, 31, 32, 259 
Mint family, 313 
Mitosis, 26, 27 
Mnium, 248, 249 
Monocots, 294, 295-304 
leaves of, 42 
stern of, 62-68 
Monotropa imifiora, 367 
Morchella, 220 
Morel, 220 

Morning glory family, 312-313 
Morphology, 412-413 
Moss, 239-240, 247, 255 
cells of, 28-29 
of leaf of, 26 
ferns, 270 

Movements, 163-166 
Mucor, 217 

Mullein, cross-section of leaf of, 346 
Multiple fruits, 127, 129 
Musci, 240, 247 
Mushroom, 226 
Mutations, 317 
Mycelium, 209 
Myxamoeba, 174 
Myxomycetes, 172-174 


N 

Names, botanical, 333-337 
Naviciila asper, 192 


Nemalion, 204 
Nereocystis, 198-200, 198 
Netted venation, 42, 49 
Nidularia, 231 
Nitella, 191 
Node, 58 
Nodules, 192 
Nostoc, 179 
Nucellus, 106, 111 
Nuclear division, direct, 26 
indirect, 26, 27 
fusion, 120 
I Nucleolus, 26, 27 
Nucleus, 23, 25, 27, 28, 47 
of Euglena, 175 
resting, 26 

Nutrients, factors in growtli, 159 
Nutrition, plant, 414 
Nymplnea, 388 

O 

Oak, cross-section of wood of, 70 
leaf of, 44 

radial section of wood of, 71 
tangential section of wood of, 73 
Onion, cells of root tip of, 27 
longitudinal section of bulb of, 89 
Oogonium, 187, 188 
Oomycetes, 21^ 218 
Oospore, 168, 189 
Operculum, 250 
Ophiogiossales, 275 
Opposite branching, 60 
Orchid family, 301-302 
Orchidacea's, 301-302 
Orcil, 237 

Organic substances, 148-149 
Organisms in soil, 382 
with both plant and animal char- 
acteristics, 172-176 
Organs, 17-33, 39 
classification of, 22 
definition of, 22 
reproductive, 20 
vegetative, 20 
Origin of botany, 409-412 
Oscillatoria, 178, 179-180 
Osmorhisja, 310 
Osmosis, 135-137, 141 
Osmotic pressure, 136 
Ostrya virginiana, tangential sof*- 
tion of bark of, 78 
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Ovary, 105-113, 109, 111 , 114 
Ovulate strobiles, 280 
Ovules, 106-113, 120 
Oxidation, 150-152 
Oxygen, 142, 144, 150 
factor in germination, 121, 122 
in growth, 159-160 


P 

Pale laurel, 105 

regeneration of, 161 
Paleobotany, 398, 413 
Paleoecology, 399 
Palet, 116, 296-297 
Palisade tissue, 47-4.8 
Palm family, 296-297 
Palmai, 296 
Panicle, 116, 308 
Papain, 154 

Papillionaceous corolla, 307 
Parallel venation, 42 , 50 
Paraphyses, 201, 203 , 219, 234, 235 
Parasites, 364-366, 214 
Parenchyma, 34, 37 , 63 , 63-64, 101 
259,262 

spongy, 34, 46 , 48 
stomge, 35 

Parsley family, 309-310 
Parsnip, longitudinal section of 
root of, 96 

Pathology, plant, 417 
Peat, 389, 390 
moss, 253 
Peltigera, 234, 235 
Pendulous lichens, 234 
Penicillium, 221-222, 222 
Pentacyclic flowers, 300 
Perianth, 109,300 
Pericarp, 128 

Pericycle, 94-95, 96 , 98, 259 
Periodicity in growth, 162 
Perithecia, 222 
Petals, 103, 106 
Petiole, 41, 51 

Petunia, glandular hair of, 138 
Peziza aurantia, 219-221, 220 
Phasophyceffi, 196-204 
Phellogen, 279 

Philosophy, botany and, 402-403 
Phloem, 36-38, 64-68, 67 , 69, 76 
Phototaxy, 164 


Photosynthesis, 142-148, 149-150 
Phototropism, 165 
Phycomycetes, 209, 213-218 
Physcia, 236 
Physcia sellaris, 233 
Physical properties of soil, 347-348 
Physics, botany and, 398 
Physiographic factors, 380-381 
Physiology, 52, 142 
plant, 413-414 
Pilobolus, 217 
Picea, 286 
Pigments, 24 
in chlorophyll, 145 
Pileus, 224 , 229 
Pine, leaf of, 48 

longitudinal section of growing 
point of stem of, 87 
Pinnate, 44 
Pinus contorta, 387 
Pistil, 105-113, 106 , 111 
Pistillate catkin of birch, 131 
Pitcher plant, 56, 368 
Pith, 74, 95, 276 
of apple, 130 
Pits, 64, 74 
bordered, 82-83 
Pitted vessels, 66, 67 
Placentas, 104 107, 109 
Plankton, 176 
Plant body, 327-328 
Plants, anatomy of, 413 
as living things, 17-40 
breeding of, 316-318 
communities of, 371-380 
formation and use of foods of, 
142-154 

genetics, 417-418 
geography, 418 
higher, 17-133 
human welfare and, 420-426 
kingdom, divisions of, 167-171 
pathology, 417 
physiology of, 142, 413-414 
relationships of, 167 
succession of, 380-391 
Plasma, nuclear, 26 
Plasmodium, 1 72-174 
of slime mold, 173 
Flasmolysis, 29, 136 
Plastids, 25 

Pleuroeoccus, 181-182, 182 
Plumule, 117, 118 , 119 , 125 
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Polar caps, 26, 27 
Pollen, 105-"! 13 
grains, 2^1-282 
Pollination, 110-113, 317-318 
Polypodiacete, 267 I 

Polysiphonia, 205-207, 206, 207 I 
Polystichum acrosticlioides, 266 
munitum, 262, 266-267 
Polystele, 268 
Poiytrichiim commune, 250 
Populus, 305-306 
Porella, 245, 245 
Postelsia, 200 

Potato, cross-section of tuber of, 90 
starch grains of, 143 
Prairies, 372 
Precipitation, 345-347 
Priestley, 142, 414 
Procarp, 205, 206 
Progeny producing qualities, 319 
Promycelium, 226 
Prostrate moss, 251 
Protective tissue, 40 
Protein, 148-149 
Prothallus, 265, 265-266 
Protonema, 248 

Protoplasm, 23, 24-25, 27, 39, 133- 
134 

Protoplast, 25, 33 
Protostele, 267-268 
Protoxylem, 95 
Protozoans, 175 

Pseudotsuga taxifolia, frontispiece. 
Douglas fir. 

Pteridium aquilinum, 257, 258, 268, 
261 

Pteridophytes, 170, 256-275, 325- 
326 

Pubescent, 54 
Puceinia gramnis, 225-227 
Pulp, 126 

Pulsating vacuole, 175-176 
Pulse family, 307-309 
Pustules, 225 
Pyrenoids, 182 
Pyrola, leaf of, 42 
Pyronema, 219-221 


Quadrats, 341, 384 
Quiliworts, 271-272 


.R,.. 

Raceme, 113, 115 
Ranales, 307 
Ranunculaceae, 306-307 
Ranunculus, 306 
Ravine vegetation, 374 
Receptacle, 109, 113, 114 
of apple, 130 
Recessive, 319 
Reciprocal symbiosis, 366 
Red algJB, 204-208 
clover, 308 
rust, 225-228 

Redwood, forest of, 278, 285 
Regeneration, 160 
of pale laui’el, 161 
Reindeer moss, 232, 233 
Relationship of plants from point of 
view of form and structure, 167- 
339 

Reproduction, 19, 20, 103 
of algiB, 178, 180, 181, 184, 185, 
188, 195-196 
of dinoflagellates, 176 
of flagellates, 174 
of lichens, 236 
of thallophytes, 168 
Resin ducts, fe, 51, 82, 82, 84, 85 
Respiration, 150-153 
Resting cells, 211 
Rhizoid, 169, 186-187 
Rhizome, 88, 88-89, 257, 258 
Rhizopus, 217 
Rhododendron, 312 
calif ornicum, 312 
Rhodophyce®, 204-208 
Rhodymenia, 207-208 
Rind, 126 

Ring of mushroom, 226 
Ring-porous, 69 
Rock brake, 267 
mosses, 248, 254 
Rockweed, 200-204, 201 
Roots, 20, 88, 88, 92-102 
cap, 96, 97 
hairs of, 94 , 100-101 
tap, 93 
Rosaceai, 307 
Rose family, 307 
leaf of, 44 

Rumex, cross-section of of, 

31,37 
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Rumex, longitudinal section of 
petiole of, 32 
roots of, 97, 98 
Rust, red, 225"r228 
Rye, 302 


S 

Sac fungi, 209, 218-223 
Salicaceae, 305-306, 310 
Salix, 305-306 
Sand dunes, 350-351, 360 
Saprolegnia, 213 

Saprophyte, 213-214, 221, 366-369, 

367 

Scalariform tracheids, 261 
Scale, 131 

Schizomycetes, 209, 210-213, 178 
Schizophytes, 178 
Science, growth of botany as a,404- 
418 

Scientific method, vii, 404-409 
Sclerenchyma, 35, 39, 48 , 50, 63 , 
63-64, 269 , 262 
Sclerotium, 218, 222-223 
Scouring rush, 273 
Scrophulariacege, 313 
Seed coat, 119, 120, 123 
Seedling, 123-125, 124 
Seeds, 21, 117-125, 126 , 130 
dispersal of, 125, 132 
of pine, 282 
origin of, 120 
parts of, 117-120 
Selagineila rupestris, 270 
Sepals, 103, 106 
Sequoia, 285 
Sessile, 42, 114 

Sexual generation, 169, 170, 171 
reproduction, 322 
Shelter, plants and, 421 
Shepherd’s purse, 19 
Sieve cells, 36-38, 66 
tubes, 66, 36, 37, 259 
Silica, 24 

Simple fruits, 127, 128-129 
Simpler plants, 324-329 
Single venation, 50 
Skunk cabbage, western, 299 
Slime molds, 172-174 
in fruiting stage, 173 
plasmodium of, 173 


Smut, corn, 223-225 
Snow orchid, 301, 374 
Snowberry, leaves of, 45 
Social sciences, botany and, 400- 
401 

symbiosis, 369-370 
Soil, atmosphere, 348 
chemical properties of, 351-352 
effect of, on roots, 99-100 
organisms, 352 

physical properties of, 347-348 
solutions, 134 
temperature of, 351 
water, 348-349 
Solute, 135 
Solvent, 135 
Soredia, 236 
Sori, 266 

of sword for, 262, 263, 264 
Spadix, 297 
Spathe, 297 

Spectra, absorption, of chlorophyll, 
carotin and xanthophyll, 146 
Spermagonia, 227 
Spermatophytes, 171, 326 
Sperms, 188 

Sphagnales, 248, 252-254 
Sphagnum bogs, 252, 368 , 386-389, 
387 , 388 
section of, 390 
fuscum, 253 
mosses, 248, 252-254 
moss, 249, 386-387 
palustre, 253 
Spiderwort, 23 , 29 
Spike, 114, 301 , 302 
Spikelet, 115, 116 , 302 
Spindle fibers, 26 
Spiraea, 308 
Douglasii, 308 
Spirillum, 211 
Spirogyra, 182-184, 183 
Sporangia, 174, 215 , 263, 263 , 264 
Sporangiophore, 216-217 
Spore, 120, 209 
Sporogenous tissue, 247 
Sporophyte, 169, 327-328 
of Marchantia, 244 , 246 
Sporophore, 215 , 222 , 228 
Sporophyll, 270 
Spring wood, 69, 83, 84 , 85 
cells, 276 
Spruces, 286 
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Squirting fungus, 217 
Stamen, 103, 106 
hair of, 23 

Staminate strobiles, 280 
Starc5h, 23, 89, 143, 143 
grains, 34 

Stele, 94, 96, 98, 267-268 
Stemonitis pallida, fruiting stage 
of, 173 

Stems, 20, 58-91 
aerial, 60-61 
coniferous, 81-88 
dicot, 68-81 
embryonic, 117 
herbaceous dicots, 80-81 
monocots, 62-68 
of ferns, 88 
submerged, 60-61 
tissue, 61-62 

underground, 60-61, 88-90 
Stigma, 105-113, 111 
Stimuli to movements organs of, 
164 

Stipe, 197-199 
of a fungus, 224, 226, 229 
of a kelp, 197, 198 
Stipule, 41, 44, 51-52 
Stolon, 215 

Stomates, 33, 42-45, 46, 47 
and transpiration, 139 
Stone ceils, 75, 76, 87, 35 
Stoneworts, 190-191 
Storage in roots, 101 
tissue, 39, 49 
Strobiles, 270, 280, 283 
Structure of higher plants, 17-133 
of leaves, 41-52 
of lichens, 234-236 
of seeds, 117-120 
plant relationships from point of 
view of, 167-338 
Style, 105-113, 111 
Subcrin, 24, 36 
Siibstomatal chamber, 48 
Succession, of plants, 380-391 
Succulent, 53 
Sugars, 143 
Summer, cells, 276 
spores, 225 
wood, 69, 83, 84, 85 
Sunlight in photosynthesis, 142, 147 
Suspensor, 217 
Sutures, 127 


Swamps, 371-372 
Sweet cicely, 310 
Sword fern, 262, 266-267, 374 
Sycamore, leaf of, 44 
Symbionts, 364 
Symbiosis, 364-370 
Symbiotic, 179 
Sympetalae, 305, 311-315 
Symphoricarpos, leaves of, 45 
Syngenesious, 314 
Synthetic tissue, 39 


T 

Tallness, 319-320 
Tamaracks, 288 
Tannins, 149 
Tangential section, 72 
Tap root, 93, 97 
Taxacese, 288 
Taxic movement, 163 
Taxonomy, 412 
Taxus, 288 
Telia, 225 
Teliospores, 225 
Temperature, 19, 344 
factor in grow^th, 157-158 
in transpiration, 138 
of soil, 351 
Testa, 119, 120, 123 
Tetraspores, 206, 206 
Thallophytes, 167-169, 209, 240, 
325-326 

Thallose lichens, 233 
Thallus, 167, 200-202 
of a lichen, 235 
of a liverwort, 242 
Theophrastus, 340, 409-410 
Thermotropism, 165 
Thready fungi, 209, 213-218 
Thuja, 287 
Thuja plicata, 287 
Tissue, 39 

cellular structure of, 33 
classification of, 39, 40 
conductive, 36-38 
green, 47 
growing, 38, 40 
mechanical, 39 
meristematic, 38 
of stems, 61-62 
palisade, 47 
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Tissue, protective, 34, 40 
sporogenous, 247 
sterile, 247 
storage, 30 
synthetic, 39 
transfusion, 48 
water storage, 49 
Topography, 349 
Tracheids, 64, 70 , 71 , 82 
of a bracken fern, 259 
Tradescantia virginica, 23 , 29 
Transects, 341, 386 
Translocation, 50 
Transpiration, 137-140 
Tree ferns, 258, 269 
Trichogyne, 205, 208 
Trillium, 18 

cross-section of ovary of, 109 
ovatum, 18 

cross-section of ovary of, 109 
True ferns, 256, 258-269' 
fungi, 209 
mosses, 248-252 
Truffles, 221 
Tsuga, 286-287 
Tuber, 89-90, 90 
Tumboa, 290 

Turgor movement, 165-166 
pressure, 43, 135 
Typhacem, 295-296 


XJ 

Ulothrix, 185 

Ultra-violet light in photosynthe- 
sis, 147 
Ulva, 185 

IJmbeliiferai, 309-310 
Umbels, 309, 310 
Uredospores, 225 
Usnea barbata, 233 
Ustiiago maydis, 223-225 


V 

Vaccinium, leaves of, 45 
Vacuole, 25, 27, 133-134 
V al ye or diat ome, 192 , 1 93 
Van Helmont, 1 42, 4 1 4 
Vascular bundles, 48 , 62-68, 63 , 
65 , 94, 95 
of apple, 130 
of brake, 261 , 262 


Vaucheria, 186-189, 187 
Vegetative organs, 20 
propagation, 317 
reproduction 191, 237, 242, 245, 
415 

in ferns, 268 
in mosses, 252 
Vein, 48 , 49, 50 
Venation of cotyledons, 118 
of leaves, 42 , 49, 50 
of sword fern, 262 
Vessel, 36-38, 64-67, 65 , 69, 71 
amphicribral, 68 
amphivasal, 68 
annular, 66, 67 
collateral, 66 
concentric, 66 
pitted, 66, 67 
Vetch, leaf of, 44 

Violet light in photosynthesis, 147 
Volatile oils in plants, 149 
Volcanic ash, 381 , 382 
Volvox, 181 
Von Mohl, 32-33 


W 

Warming, 339 

Water, agent of seed dispersal, 125 
effect on roots, 99-100 
factor in germination, 121-122 
in growth, 159 
ferns, 269 

in photosynthesis, 142-144 
intake of, 134-137 
lilies, 388 
loss of, 137-140 
mold, 213-214 
necessity for, 133-134 
of soil, 348-349 
product of respiration, 152 
relations of plants, 133-141 
rise of, 140-141 
storage tissue, 49 
Weeds, 425-426 
Western skunk cabbage, 299 
White pine blister rust, 227 
rust, 214-215 
Whorled branching, 60 
leaves, 45 

Wild ginger, leaf hair of , 54 
Willow, catkins of, 306 
family, 305-306 
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Wind, agent of seed dispersal, 125 
factor in environment, 347 
^ , in transpiration, 138 
Winged fruit, 131 
Winter spores, 225 ’ 

Wood fibers, 72 
of pines, 276-277 
rays, 68, 68-69, 276 


Xylem, 36-38, 64-68, 67, 69, 72, 95 
of bracken fern, 259 


Yeast, 218-219 
Yew, 288 . 


X 

Xanthophyll, 145-147 
Xeric, 356 

Xerophylluni tenax, 298 
Xerophytes, 360-362 


Zoology, botany and, 393-396 
Zoospores, 185, 187-188 
Zygomorphic, 110, 308 
Zygomycetes, 213, 218 
Zygospore, 168, 181, 183, 216 
2ygote, 168 


